HELIOS

REDUCED DATA TAPE
ZODTACAL LIGHT DATA
HELIGS

REDUCED DATA TAPE
ZODIACAL LIGHT DATA

A
74-097A-11A
74-097A-~11B
B
76-003A-11A
76-003A-11B




HELIOS A

REDUCED DATA TAPES

74-097A-11A

THIS DATA SET HAS BEEN RESTORED.

9-TRACK,

RESTORED TAPES.

TAPES ARE 9-TRACK,

1600 BPI TAPES,

6250 BPI.

THERE WERE ORIGINALLY 72

WRITTEN IN BINARY. THERE ARE 18

CREATED ON AN IBM 360 COMPUTER.

THE ORIGINAL TAPES WERE

THE DR TAPES ARE 3480 CARTRIDGES AND THE DS

THE DR AND DS NUMBERS ALONG

WITH THE CORRESPONDING D NUMBERS AND TIME SPANS ARE AS FOLLOWS:

DR004058

DR0O04059

DR004060

DR004061

DR004062

DR0O04063

DS004058

DS00405¢%

D5004060

DS004061

DS004062

Ds004063

Do45812
D045813
D045814
D045815

D045816
D045817
D045818
D045819

D045820
D045821
D045822
D405823

D045824
D045825
D045826
D045827

D045828
D045829
D045830
D045831

D045832
D045833
D045834
D045835

359-498

1-84
85-94
95-158

159-266

1-100
101-212
213-314
315-416

1-102
103-172
173-262
263-384

1-122
123-236
237-305
306-322

1-54
55-107
108-233
234-370

TIME SPAN
12/11/74 - 12/31/74
01/01/75 - 01/31/75
02/01/75 - 02/28/75
03/01/75 - 03/31/75
04/01/75 - 04/29/75
05/05/75 - 05/29/75
06/02/75 - 07/02/75
07/03/75 - 08/01/75
08/01/75 - 08/30/75
09/01/75 - 09/30/75
10/01/75 - 10/30/75
11/01/75 - 11/26/75
12/01/75 - 01/01/76
01/01/76 - 01/31/76
01/31/76 - 02/28/76
02/29/76 - 03/31/76
03/31/76 - 04/30/76
04/30/76 - 05/30/76
05/30/76 - 07/08/76
07/09/76 - 08/11/76
08/12/76 - 09/06/76
08/07/76 - 10/01/76
10/01/76 - 11/01/76
11/01/76 - 12/01/76



DR004064

DR004065

DR004066

DR0O04067

DR004068

DRO04069

DR004070

DR0O04071

DR004072

DR0O04073

DS004064

DS004065

DS004066

DS004067

DS004068

DS004069

DsS004070

PS004071

DS004072

DS004073

74-097A-11A

D045836
D045837
D045838
D045839

D045840
D045841
D045842
D045843

D045844
D045845
D045846
D045847

D045848
D045849
D045850
D045851

D045852
D045853
D045854
D045855

D045856
D045857
D045858
0045858

D045860
D045861
D045862
D045863

D045864
D045865
D045866
D045867

D045868
D045869
DQ45870
D045871

D072656
D072657
D072658
D072659

1-135
136-254
255-367
368-505

1-123
124-261
262-396
397-448

1-93
94-211
212-351
352-504

1-134
135-175
176-300
301-425

1-131
132-290
291-322
323-415

1-137
138-175
176-266
267-398

1-119
120-147
148~-199
200-299

1-119
120-187
188-316
317-450

1-51
52-127
128-201
202-273

1-43
44-171
178-264
265-367

TIME SPAN

12/01/76 - 12/31/76
01/01/77 - 01/31/77
02/01/77 - 02/28/77
02/28/77 - 03/31/77
03/31/77 - 04/29/17
04/29/77 - 05/31/77
05/31/77 - 06/30/77
06/30/77 - 07/11/77
08/11/77 - 08/31/77
09/01/77 - 09/30/77
10/01/77 - 11/06/77
10/31/77 - 12/01/77
12/01/77 - 01/01/78
02/20/78 - 02/28/78
03/01/78 - 03/31/78
03/31/78 - 04/30/78
04/30/78 - 06/01/78
06/01/78 - 07/02/78
10/10/78 - 11/01/78
11/01/78 - 12/01/78
12/01/78 - 12/31/78
01/01/79 - 01/08/79
04/10/79 - 04/29/79
05/03/79 - 05/31/79
06/01/79 - 06/30/79
06/30/79 - 07/12/79%
10/16/79 - 11/01/79
11/01/79 - 11/30/79
12/01/79 - 12/31/79
01/01/80 - 01/17/80
05/02/80 - 05/31/80
06/01/80 - 07/01/80
07/01/80 - 07/12/80
11/07/80 - 12/01/80
12/02/80 - 12/31/80
12/31/80 - 01/18/81
05/22/81 - 05/31/81
05/31/81 - 06/30/81
06/30/81 - 07/19/81
11/27/81 - 12/31/81



74-097A-11A

DR# DS# DD# FILES
DR0OC4074 DS004074 D072660 1-70
D072661 71-178

D072662 179-250

D072663 251-320

DR0O04075 DS004075 D072664 1-17
D)72665 18-31

D072666 32-45

D072667 46-52

TIME SPAN
01/01/82 - 01/20/82
06/02/82 -~ 06/30/82
06/30/82 - 07/22/82
06/23/83 - 07/29/83
02/02/84 - 02/07/84
07/18/84 - 07/23/84
01/21/85 - 01/26/85
02/12/85 - 02/18/85
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REQ. AGENT RAND NO, ACQ. AGENT

CSH V0076 HKH

GLS V0090 HKH

SAR V0321 HKH
HELIOS A

REDUCED DATA TAPE
ZODIACAL LIGHT DATA

74-097A-11A
74-097A-11B

HELIOS B

REDUCED DATA TAPE
ZODIACAL LIGHT DATA

76~003A-11A
76-003A-11B
This data set catalog consists of 4 data sets from Helios A and B

satellite. Helios A contains 72 tapes for each of the two data sets. Helios
B contains 37 tapes for each of the two data sets. Each data set is on
multi-filed, 9-track, 1600 BPI, Binary magnetic tape. They were created on
the PDP10 computer., Each tape contains one month of data. The D and C
numbers along with the number of files and the time span are on the following

pages.




HELIOS A REDUCED DATA TAPE 74-097A-11A
D ]
D-45812 C-21664
D-45813 C-21665
D-45814 C-21666
D-45815 C-21667
D-45816 C-21668
D-45817 C-21669
D-45818 C-21670
D-45819 C-21671
D-45820 C-21672
D-45821 C-21673
D-45822 C-21674
D-45823 C-21675
D-45824 C-21676
D-45825 £-21677
D-45826 £-21678
D-45827 C-21679
D-45828 C-21680
D-45829 C-21681
-45830 C-21687
D-45831 C-21683
D-45832 €-21684
D-45833 C-21685
D-45834 C-21686
D-45835 C-21687
D-45836 £-21688
D-45837 C-21689
D-45838 C-21690
D-45839 C-21691
D-45840 £-21692
D-45841 C-21693
D-45842 C-21694
D-45843 C-21700
D-45844 €-21701
D-45845 £-21702
D-45846 £-21703
D-45847 C-21704
D-45848 C-21705
D-45849 €-21706
D-45850 Cc-21707
D-45851 -21708
D-45852 C-21709
D-45853 €¢-21710
D-45854 c-21711
D-45855 C-21712
D-45856 €-21713
D-45857 C-21714
D-45858 C-21715
D-45859 C-21716
D-45860 Cc-21717

119

Sl

FILES

90
142
126
140

84

10

64
108
100
112
102
102
102

70

90
122
122
114

69

17

54

53
126
137
135
119
113
138
123
138
135

93
118
140
153
134

41
125
125
131
129

62

93
137

38

132

TIME SPAN

12/11/74 - 12/31/74
01/01/75 - 01/31/75
02/01/75 - 02/28/75
03/01/75 - 03/31/75
04/01/75 - 04/29/75
05/05/75 - 05/29/75
06/02/75 - 07/02/75
07/03/75 - 08/01/75
08/01/75 ~ 08/30/75
09/01/75 - 09/30/75
10/01/75 - 10/30/75
11/01/75 - 11/26/75
12/01/75 - 01/01/76
01/01/76 - 01/31/76
01/31/76 - 02/28/76
02/29/76 - 03/31/76
03/31/76 - 04/30/76
04/30/76 - 05/30/76
05/30/76 - 07/08/76
07/09/76 - 08/11/76/
08/12/76 - 09/06/76
09/07/76 - 10/01/76
10/01/76 - 11/01/76
11/01/76 - 12/01/76
12/01/76 - 12/31/76
01/01/77 - 01/31/77
02/01/77 - 02/28/77
02/28/77 - 03/31/77
03/31/77 - 04/29/77
05/29/77 - 05/31/77
05/31/77 - 06/30/77
06/30/77 - 07/11/77
09/11/77 - 08/31/77
09/01/77 - 09/30/77
10/01/77 - 11/06/77
10/31/77 - 12/01/77
12/01/77 - 01/01/78
02/20/78 - 02/28/78
03/01/78 - 03/31/78
03/31/78 - 04/30/78
04/30/78 - 06/01/78
06/01/78 - 07/02/78
09/20/78 - 11/01/78
11/01/78 - 11/31/78
12/01/78 - 12/31/78
01/01/79 - 01/08/79
04/10/79 - 04/29/79
09/90/79 - 05/31/79
06/01/79 - 06/30/79



HELIOS A REDUCED DATA TAPE

74-097A-11A

o#

D-45861
D-45862
D-45863
D-45864
D-45865
D-45866
D-45867
D-45868
D-45869
D-45870
D-45871

D-72656
D~72657
D-72658

D-72659
D-72660
D~72661
D-72662

D-72663

D-72664

D-72665
D-72666
D-72667

ct
C-21718
C-21719
C-~21720
C-21721
C-21722
C-21723
C~21724
C-21725
C-21726
C-21727
€-21728

C-25505
C-25506
C-25507

C~25508
€-25509
C-25510
C-21511

C-25512

C-25513

C-25514
C-25515
C-25516

FILES

28
52
100
119
68
129
134
51
76
74
72

43
134
87

103
70
108
72

70

17

14
14

TIME SPAN
06/30/79 - 07/12/79
10/16/79 - 11/01/79
11/01/79 - 11/30/79
12/01/79 - 12/31/79
01/01/80 - 01/17/80
05/02/80 - 05/31/80
06/01/80 - 07/01/80
07/01/80 - 07/12/80
11/07/80 - 12/01/80
12/02/80 - 12/31/80
12/31/80 - 01/18/81
05/22/81 - 05/31/81
05/31/81 - 06/30/81
06/30/81 - 07/19/81
11/27/81 - 12/31/81
01/01/82 - 01/20/82
06/02/82 -~ 06/30/82
06/30/82 - 07/22/82
06/23/83 - 07/29/83
02/02/84 - 02/07/84
07/18/84 - 07/23/84
01/21/85 - 01/26/85
02/12/85 - 02/18/85



HELIOS A ZODIACAL LIGHT DATA 74-097A-11B

D#
D-46365
D-46366
D-46367
D-46368
D-46369
D-46370
D-46371
D-46372
D-46473
D-46374
D-46375
D-46376
D-46377
D-46378
D-46379
D-46380
D-46381
D-46382
D-46383
D-46384
D-46385
D-46386
D-46387
D-46388
D-46389
D-46390
D-46391
D-46392
D-46393
D-46394
D-46395
D-46396
D-46397
D-46398
D-46399
D-46400
D-46401
D-46402
D-46403
D-46404
D-46405
D-46406
D-46407
D-46408
D-46409
D-46410
D-46411
D-46412
D-46413

o

C-22035
C-22036
C-22037
C-22038
C-22039
€-22040
C-22041
C-22042
C-22043
C-22044
€-22068
€-22069

C-22070
€-22071
C-22047
C-22048
€-22049
€-22050
€-22051
£-22052
C-22053
C-22054
C-22055
C-22056
€-22072
€-22073
C-22074
€-22075
C-22076
c-22079
C-22080
C-22081
C-22082
C-22083
C-22084
C-22085
C-22086
C-22087
£-22088
C-22111
C-22112
C-22113
C-22114
C-22115
€-22116
c-22117
€-22118
C-22119

FILES

91
143
127
141

85

11

65
109
101
113
107
103
103

71

91
123
123
115

70

18

55

54
127
138
136
120
114
139
124
139
136

53

94
119
113
154
135

126
126
132
130

63

94
138

92
133

120

TIME SPAN
12/11/74 - 12/31/74
01/01/75 - 01/31/75
02/01/75 - 02/28/75
03/01/75 - 03/31/75
04/01/75 - 04/29/75
05/05/75 - 05/29/75
06/02/75 - 07/02/75
07/03/75 - 08/01/75
08/01/75 - 08/30/75
09/01/75 - 09/30/75
10/01/75 - 10/31/75
11/01/75 - 11/30/75
01/01/76 - 01/31/76
01/31/76 - 02/28/76
02/29/76 - 03/31/76
03/31/76 - 04/30/76
04/30/76 - 05/30/76
05/31/76 -~ 07/08/76
07/09/76 - 08/11/76
08/12/76 - 09/06/76
09/07/76 - 10/01/76
10/01/76 - 11/01/76
11/01/76 - 12/01/76
12/01/76 - 12/31/76
01/01/77 - 01/31/77
02/01/77 - 02/28/77
02/29/77 - 03/31/77
03/31/77 - 04/29/77
04729777 - 05/31/77
05/31/77 - 06/30/77
06/30/77 - 07/11/77
08/11/77 - 08/31/77
09/01/77 - 09/30/77
10/01/77 - 10/31/77
10/31/77 - 12/01/77
12/01/77 - 01/01/78
02/20/78 - 02/28/78
03/01/78 - 03/31/78
03/31/78 - 04/03/78
04/30/78 - 06/01/78
06/01/78 - 07/02/78
09/20/78 - 11/01/78
11/01/78 - 11/30/78
12/01/78 - 12/31/78
01/01/79 - 01/08/79
04/10/79 - 04/29/79
04/30/79 - 05/31/79

06/01/79

06/30/79



HELIOS A ZODIACAL LIGHT DATA

74-097A-11B

D¢
D-46414
D-46415
D-46416
D-46417
D-46418
D-46419
D-46420
D-46421
D-46422
D-46423
D-46424

D-72668
D-72669
D-72670

D-72671
D-72672

D-72673
D-72674

D-72675

D-72676

D-72677
D-72678
D-72679

ct
C~22120
C-22132
C-22133
C-22134
C-22135
C-22136
C-22137
C-22138
C-22139
C-22140
C-22141

C-25517
C-25518
C-25519

C-25520
C-25521

C-25522
C-25523

C~25524

C-25525

C-25526
C-25527
C~-25528

FILES

29
53
101
120
69
130
135
52
77
75
73

44
135
88

104
71

109
73

71

18

15
14

TIME SPAN
06/30/79 - 07/12/79
10/17/79 - 11/01/79
11/01/79 - 11/30/79
12/01/79 - 12/31/79
01/01/80 - 01/17/80
05/02/80 - 05/31/80
06/01/80 - 07/01/80
07/01/80 - 07/12/80
11/06/80 - 12/01/80
12/02/80 ~ 12/31/80
12/31/80 - 01/18/81
05/22/81 - 05/31/81
05/31/81 - 06/30/81
06/30/81 - 07/19/81

11/27/81
01/01/82

06/02/82
06/30/82

06/23/83

02/02/84

07/18/84
01/21/85
02/12/85

12/31/81
01/20/82

06/30/82

- 07/22/82

07/29/83

02/07/84

07/23/84
01/25/85
02/18/85
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1. Survey

This document describes the contents and the format of the
reduced-data-tape.

The reduced-data-tape contains reduced data and repeats most
of the data of the original experiment data tapes.

Reduced data means calibrated zodiacal light measurements,
corrected for non-linearity, dark current and temperature
effects, No correction for instrumental scattered light was
necessary since this effect was demonstrated to be negligible
in the Helios data (not measurable, less than 1%).

With the repetition of original data we want to give every-
body the opportunity to check our reduction procedure and
to improve it where necessary.

In detail this means:

a) Orbit-attitude information. The hourly blocks are copies
of the original blocks. Thoy should cover the time period
of the measurements. On the first tapes a few may be mis-
sing or not be in chronological order due to teething
troubles of the program.

b) Housekeeping 1nformation. Only part of the temperatuxe in-
formation was kept. The hourly averages given in blocks
with identification 10 may be misleading for two reasons:
after switch on of a photometer it takes some time to reach
equilibrium. During the first months some of the tempera-
tures occasionally were affected by tclemtry transmission
errors, Care was taken not to use these erraneocus tempera-
ture in the reduction procedure.

c) Test pulses. Copied from original blocks.

d) Dark current. Copied from original blocks. Average given
in MC header block (identification 2).

e) Calibration lamps. Copied from original blocks. In addi-
tion the measurement cycle header blocks (with identifica-
tion 2)contain averages of corrected (non-linearity, dark
current, temperature effect) readings of the calibration
lamps for medium sector length.

f) Sky light measurements. The count rates were copied from
the original blocks.

Note: correted data always are reduced to nominal spin rate
1 Hz, which was not mentioned above.




2. Short experiment description

2.1 Punction and operation

The function and operation of the experiment are described
in the following copy of an article in paumfahrtforschung.

A more complete description has been given by C. Lelnert,
E. Pitz, H. Link and N. Salm: Das ZOdiakallichtexperiment
£9 auf Helios A und B (1978) BMFT-FB W78-28 (series of the
pundesministerium fiir Forschung und Technologie, Bonn, in
German) . (Also available at NSSDC) : :
Note: it is not recommended to use Helios data without
carefully studying sect:ions 2, 3 and 9. :
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The HELIOS Zodiacal Light Experiment (E 9)

C. LEINERT, H. LINK, E. PITZ, N. SALM, D. KNUPPELBERG,
Max-Planck-Institut tir Astronomie und Landessternwarle Heidelberg

Es wird das Experiment 9 der deutsch-amerikanischen Sonnensonde Helios beschrieben, Es besteht aus
3 Photometern zur Messung des Zodiakallichls boi den ekiiptikalen Breiten —15°, ~30° und ~90° (Sid-
pol der Ekiiptik). Die Inlensitdt und Polarisation des Zodiakallichts wird in 3 Farbbereichen gemesson,
die in etwa dem internationalen UBV-System enisprechen, Neben der Diskussion der Mafnahmen 2ur
Unterdriickung unerwiinschien Streulichts, werden die wesentlichsten optischen und mechanischen Para-
meter genannt. Es wird Pulszéhltechnik verwendet und die Signalverarbeitung beschrieben. Die Stabili-
tit der Sensoren wahrend der ersten 130 Tage der Mission wird diskutiert.

Experiment 9 of the German-American solar probe Helios is described. 1t consists of 3 photometers to
measure the zodiacal light at ecliptical latitudes of —15°, —30° and ~90° (south pole of ecliptic). Inten-
sity and polarization of zediacal light is measured in three wavelength bands corresponding to the inter-
national UBV-System. Measures of stray light reduction are discussed and optical and mechanical para-
meters are given, Pulse counting technique is used and data handling within the experiment is described,
The stability of the sensors during the first 130 days of the mission is discussed.

1. SCIENTIFIC OBJECTIVES

The experiment is measuring the zodiacal light, which Is
sunlight scattered on the extremely thin cloud of inter-
ptanetary particles. This cloud extends from nvar the Sun
to the asteroid belt and contains about a dozen micron-
sized particles per km3, From zodiacal light observations
it is pcssible, in principle, to derive the spatial distribution,
size distribution and material of the scaltering dust par-
licies. The observed intensity is mainly related to the num-
ber, the observed colour to the size and tha observed po-
larization to the materiai of the particles. The Helios experi-
ment is measuring intensity, colour and polarization as a
function of Sun ~ Helios distance for various angles with
respect to the sun. The main resuits 10 be expected from
these measurements are:

(1) spatial distribution of interplanetary dust within 1 A,

(2) detection of changes in the particle mixture of inter-
planetary dust, if present, and

{3) size and material of interplanetary dust particles.

These informations will allow a belter interpretation of
existing earthbound observations of zodiacal light.

They also provide a basis for the discussion of the sour-
ces of interplanetary dust, which is one of the main ques-
tions concerning interplanetary dust.

2. GROSS FEATURES OF THE EXPERIMENT

The experimenl consists of three photometers mounted
rigidly intoe the spacecralt with orientations of about 15°,
309 and 90° respectively south of the spacecraft X-Y-plane
(see FIG. 1), and of one electronic box. The large batlle
systems assoctated with the pholomelers are necessary
for stray’ light protection, The total mass of the experiment
is 893 kg. The maximum power consumption is 9.6 \V, in-
cluding a maximum heater power of 2.2 W for the thermal
control of the sensors,

3. OPTICAL SYSTEM

The radiation enlers the photometer through an extonded
stray light ballie, is coliected by the objective lens and
imaged onto the ficld stop, which determines the field of
view on the sky. Behind the field stop, a field lens images
the objecuve lens onto the aperture stop. The aperture
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FIG. 1: Sectional view of the lower spacocrait part with the
positions of the zodiacal light photometers

stop defines the collecting area of the objective lens. Close
behind the aperture stop is the photocathode of the photo-
multiptier. This design not only furnishes a homogeneous
illumination of the photomultiplier cathode (by imaging
the objective lens onto the cathode), bul also images the
stray light diffracted or reflected at the mounting of the
objective lens outside the aperlure stop. Similarly the
brightost stray light sources, the rims of the baffle are
imaged by the objective lens outside the field stop,

This is essentially a coronograph design and was chosen
to give good stray light suppression. Since Helios is ex-
posed to full sunlight and since the sun is 107 to 10'3 times
brighter than the zodiacal light, good suppression of stray
light is considered as onc main problem of the experiment
and as a quideline for the whole design. The suppression
of 10-14 10 109 that is nceded to have only 1% stray light
contribution to the signal is accomplished in three steps:

First Step:

The photometers are mounted in the shadow zone of the
southern spacecraft cone and may orly be illuminated by
the inner rim of the spacecraft cone, which itselt may be
exposed to direct sunfight,

Second Step:

Stray light suppression in the batffle system. The light falling
into the openings of the baftie systems is caught in the first
baffie room (see FIG. 2). The balfle system is designed like
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G. 2: Principle of the optical system and stray light sup-
pression

a trumpet, so that the stray light emerging from the first
baffle cannot hit the objective lens directly but only after
attenuation by multiple reflections.

Third Step:

The coronograph like design of the oplical system prevents
stray light falling dircctly onto the photocathode. To keep
the stray light level low, no optical element is allowed
between the objective lens and field stop. Since the actual
stray light level strongly depends on the amount of dust
on the objective lens (it increases by a factor of ten for
dusty optics and decreases by afactor of ten for very clean
oplics), the objective lens was exchanged shortly before

TABLE I: OPTICAL PARAMETERS OF THE

PHOTOMETERS
15°- 30°- 900°.
Sensor  sensor  sensor
Diameter of
30 36 36

aperture {mm)

Focal lenght of

obj. lens (mm) 150 200 200

2id of view 19x1¢ 20x2¢ 300
Focal lenght of
ficlds lens {mm) 55 55 53
cm? x sguare deqgree 7.07 40.8 721

TABLE Il: DESCRIPTION OF FILTER WHEELS

Posi-

Filter wheel tion

Function {Filter)

15%-photometer
color

Dark and Calibration
Ultraviolet (UG2)
Blue (BG3 + GG 385)
Visual (GG 10)

N -

15°-pholometer
polarization

Pol.film 0° (quariz}
Pol.tilm 90° {quartz)
Pol.fllm 45° (quartz2)
Blank {quartz)

E S LY

Dark and Calibration
Ultraviolet (UG2)

Blue (BG3 + GG 385)

Visual (GG 10)

Biue and pol.film 0°

(BG3+ GG 385)

Visual and pol.film 0° (GG 10)
Visual and polfilm 90° (GG 10)
Visual and pol.lilm 45° (GG 10)

30°-photometer

[ - R

.
o~Nd

Dark and Calibration

Uttraviolet and pol.film 0° (UG2)
Blue + pol.film 0°

{BG3 + GG 385)

Visual and polfilm 0° (GG 10}

90°-photometer

Wh -

F-9

launch to get rid of the dust which had accumulated during
the instrument and system tests. The mechanical design
allows this exchange, with fully integrated photometer. The
lenses are made from fused quartz (Suprasil) to reduce
radiation damage and scintillation. TABLE | gives the basic
optical parameters for the three photometers.

The filter wheels are the only movable parts of the experi-
ment. They are driven by permanent magnet stepper motors
with 1:16 gear reduction. The gear was introduced to im-
prove positioning and holding torque. The zero position
of the filter wheel is recorded by an oplo-electronic device
in the gear housing. The filter wheels have four positions

-
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FIG. 3: Spectrat bandpasses compared with the internatio-
nat UBV system



. (8 in the 30%photometer). In one position the light path is
blocked and the light of an internal calibration lamp can be
directed onto the photo-multiplier by a small folding mir-
ror mounted on the filter wheel. The other positions con-
tain the fillers which define the spectral bandpasses and
arg Schot! glasses with relatively high radiation resistance
1 low scintitlation efficiency. The ellective wavelength's
. ultraviole!, blue and visual are 3600 A, 4200 A and
5300 A respectively, Broad bandpasses (=~ + 500 A) were
selected to allow the use of telescopes with small aper-
ture. For polarization measurements, a polaroid film Is used,
Polaceat Formula 105 UV, which has a transmission of about
30% in natural light from 3000 A to 7000 A. The films are
deposited directly on the Schott glasses: in the 15%photo-
meterthey are coated on quariz disks (Suprasil) and mounted
in a separate filter wheel, leaving one position blank
(quariz). The content of the filter wheels is summarized in
TABLE I, and the spectral bandpasses are compared to
the international UBV System in FIG. 3. FIG. 4 shows the
15%-photometer together with the central electronic box.

FIG. 4: 15°-photometer (mounted for compenent tests) lo-
gether with the central electronic box. On the rear
end of the sensor the two filler wheel motors and
the analog electronic can be seen

4. SENSOR UNIT

4.1 Amplitier

The same sensor is used in all three photometers: a head-
on photomultiplier, type 541 N of EMR, which has been
used in various space experiments. Since the expected
dynamical range of the signal is less than 5x 103, a pulse
counting technique is used for ease of data handling. The
single electron pulses at the anode of the photomulliptier
are amplified and all pulses exceeding a level ol 0.5 mV
when measured across a resistor of 50 Q are shaped and
fed into a two stage ripple counter, which delivers ervery
fourth pulse to the main elecironics. The count rate is li-
mited {0 11 MHz by a tixed recovery time of the amplifier,
infroducing a known unlincarily at high photomulliplier
pulse.rates. For redundancy and 10 check the proper ope-
ration of the amplifier the irstantanecus anoce current of
the photomultiplier is fransmitted in an analog house-
keeping channel {ralemeter) for each sensor.

High Voltage Converter

It provides the high voitage supply for tha photo-multipher
and the low vollage supply (4 12 V, -2.5 V) lor the amplifier.
As the H.V. converter is located near the sensor only
very short cable connections are necessary. The high vol-
tage is individually adjusted (== 2500 V) so that the photo-
mulliplier gives a current amplification of 2 x 10%. By com-

mand, the high voltage can be raised by 300 V to compen-
sale aging of the sensor. The converter is externally syn-
chronized by a 40 KHz pulse train.

5. MAIN ELECTRONIC BOX

In order to measure the angular distribution of the zodiacal
light brighiness, each revolution of the spacecraft - which
means, each scan in the 15° and 30°-photometer - is divi-
ded into 32 sectors of different size. The 16 smallest sec-
tors (1/64 revolution) are centered to the sun direction, the
8 largest {1/16 revolution) on the antisolar point and the
gap is filled by 8 sectors of the size 1/32 revoiution (see
FIG. 5). The introduction of large sectors in the regions
where a smooth variation of zodiacal light brightness is
expected reduces the total number of sectors. Since during
the short time of passing one sector the brighiness of the
zodiacal light cannot be determined with sulficient accu-
racy, the readings of 513 revolutions are combined for each
sector.

In the 90°-photometer, 8 sectors of equa! size are intro-
duced to alow polarization measurements. The inteqration
is carried out over 126 revolutions. The technique ussd to
perform these inlegrations is shown in the block disgram
{FIG. B). Let us assume that the 15°-pholomeler is meas-
uring and looking into the first sector. Then the output pul-
ses of the 1. photometer sensor unit are going through
the input switch Into the counter A wich gives a 27 bit semi-
logarithmical representation - four bit exponent, 23 bit
mantissa - of the accumulaled pulse number, As soon as the
photometer field of view crosses the boundary to the se-
cond sector, the 18 most significant bits of the counter
are transferred into the memory A, the nine least significant
bits are dropped and the counter is ready to accept the

FIG. 5: Sectoring of the photomelter scans on the sky
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FiG. 6: Block diagram of the digital electronics




pulses of sector two. For redundancy, however, the pulses
of sector two and all even secters are handled in the iden-
tical counter B and memory B, while all odd sectors go into
counter A, The result of any sector is kep! in the memory
for one revolution of the spacecraft and used as initial value

1or the counting of pulses during the following revolution,

ting replaced after that by the new value, elc. until the
integration over 513 revolutions is complete. Then the 12
mos! significant bits for each sector are read out into a buf-
fer and combined with 36 identification bils which describe
the status of the experiment. Memory and counter are set
to zero, the filter wheel is swilched to the next position ahd
a new measurement may begin,
The bulfer is read out inlo the telemetry in a rhylhm deter-
mined by the momentaneous bit rate and format used for
data transmission fo the Earth. The data of the 30%-photo-
meter are handled in the same way, For the 90°-photo-
meter, the results of four subsequent measurements are
combined in the memory belfore read-out. Thus the experi-
ment produces science data (as opposed (o housekeeping)
at a constant rate of 36 + 32x12 = 420 bit per 516 revo-
lutions. The lacking time from 513 revolutions respectively
4 x 126 revolutions (integration times) to 516 revolutions is
needed to switch the filter wheel(s).
The electronics uses TTL low power circuits. The special
counter-memory arrangement has been chosen to give low
power consumption, within the limits of this technology.
The butier is made of C-MOS — parts {or power reduction, 1t
may be bypassed by command if it fails. In that case the
memory is read out directly into the telemetry.
After each cycle of measurements the distribution of the
sectors with respect lo the counters A and B is reversed.
This makes a failure of either part A or B of the electronics
less harmiul, but has the effect of changing the chronologi-
cal order of the sectors in the bitstream.

- A logic control unit regulates the proper sectoring and

sequencing of the measurement. It controls the motor swit-
ching, the calibration lamps and the switching of the H-V-
converters. It synchronizes the sectoring 1o the see-sun-
direction and regulates the data transfer.

6. CYCLE OF MEASUREMENT

The normal mode of operation consists of continuous re-
petition of the cycle of measurement. The three photo-
meters are operated in sequence to save power. Alter
switch-on of the 15°-photometer a test measurement is per-
formed during which a pulse train of known frequency is
fed into the data handling electronics to check the digital
operations. After the dark currnt and internal calibration
measurements the first color filter is moved into the light
path for intensity and polarizalion measurements. The po-
larization is measured by the method of 3 polaroid seltings,
with one measurement for each polaroid orientation,
the polaroids being exchanged by moving the second filter
whee!l between the measurements. These measuremerts
are repeated for the second and third cotour and followed
by a repetition of the dark current and calibration measure-
ments, giving a lofal of 20 measurements in the 15°-photo-
meter. Each single measurement gives 32 results, onc for
each of the 32 seclors. In the 30°-photometer 12 measure-
ments are performed beginning and ending with dark cur-
rent and calibration measurements and using again the
method of 3 polaroid settings for the polarization measure-
ments. No lest measurement is included because the digi-
tal operations are the same as with the 15°-photometer.

Since the 90%-photomcler is mounted parallel o the spin
axis, the polareids which stay in fixed peosition relative to
the pholemeter are rotaled by the spin of the spacecraft.
Using the method of rotating polaroid, intensity and pola-
rization information for a giver: co'or can be obtained in one
measurement. Each color is measured three times, Together
with test, dark current and cahbration measurements, 16

——

measurements are performed in the 90°-photometer which
are combined to 4 read outs.

The time needed for one complete cycle of measurements
is (20 + 12 + 4) x 516 revolutions = 5.2 hours, About 40
of this time are used for test, calibration and dark current
measurements, . '

it the data transmission for this experiment, falls to less
than 420 bit/516 revolutions, a new measurement may be
completed before the bufler is completely read into the tele-
metry. tn that case, the cycle of measurements is stopped
and the next measurement is started only after the buffer
has been read out and then refilled with the data of the
completed measurement, This mechanism prevents data
loss from overwriting in the buffer or the memory but may
enlarge the time needed for one cycle of measurements by
a factor two or three for very low bit rates.

7. FLIGHT PERFORMANCE

7.1 Stability

As mentioned in section 3, the slability of the sensor sen-
sitivity can be checked by the signal of an internal calibra-
tion lamp. FIG. 7 shows for example the signal of the cali-
bration lamp of the 30%-pholometer during the dirst 130 days
of the mission. The change of signal is strongly correlated
to the variation of the temperature of the sensor which is
shown in the lower part of the figure. The two small circles
show the expecled signal according to ground testing.

L}
o
!".
L
? .
‘\ 1: e e e o
S
L]
Y
3
e
E .
s
|
L " A X T ‘ 5 l
. % & ) 10 G w
doys atter kunch P Rel0n

FIG. 7: Signal of internal calibration lamp and temperature
versus time after launch

7.2 Stray Light

The amount of stray light expected in the data is depen-
dent on the amount of direct sunlight entering the southern
spacecraft cone. If the spacecralt is tilted wilh its spin axis
toward the sun ling no sunlight can enterthe cone and no stray
light contribution in the data is expected. However if the
spin axis is tilted away from the sun line, the southern rim
of the solar array is ililuminated by direct sunlight and the
antisolar zodiacal light data of the 15°-photometer may be
contaminated by stray light. To prove the stray light contri-
bution, two changes of the spacecraft attitude have been
performed during the primary mission (one near Earth and
one near perihelion) 10 have both “stray light conditions”
during short time spans, The data with and without sunlight
in the southern cone show no significant ditference which
can not be explained by the dilferent star background. We
conclude from this, without having reduced the data com-
pletely that the stray light contribution in the data is al
least smaller than 10%5 and the stray light suppression of
the photometers works perfectly.
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2,2 Telemetry formats

The identification of a particular type of measurement of a
science block is achieved by the ID-Word, bits 1,2,3 and 4-8
(see Table 2.1).

rable 2.1: Identification of type of measurements

ID-Word _
Bits 1,2,3 4-8 Meaning
101 0 Test pulses
101 1 Dark current o
101 2 Calibration lamp through polarizing film 45
101 3 Calibration lamp through quartz disk
101 4 UV through polarizing film Q°
101 5 UV through polarizing film 90°
101 6 UV through polarizing film 45°
101 7 UV through quartz disk
101 8 , Blue through polarizing film 0°
101 9 ). Blue through polarizing film 90©
101 10 — Blue through polarizing film 45°
101 11 4 Blue through quartz disk
101 12 9 visual through polarizing film 0°
101 13 & visual through polarizing film 90°
101 14 ¢ Visual through polarizing film 45°
101 15 Visual through quartz disk
101 16 Dark current
101 29 Dark current o
101 30 Ccalibration lamp through polarizing film 45
101 N Calibration lamp through quartz disk
110 O Dark current
110 5 Calibration lamp
110 6 Calibration lamp
110 7 uv
110 8 o Blue
110 9 Q Visual o
110 10 Blue through polarizing film O
110 11 ¥ visual through polarizing film 00O
110 12 2 visual through polarizing film 90
110 13 ¢ Visual through polarizing film 45°
110 14 “  park current
110 15 Calibration lamp
160 16 Test pulses, dark current, dark current, cali-
QD bration lamp
100 29 & UV, blue, visual, calibration lamp
100 30 ., UV, blue, visual, calibration lamp
100 31 o uv, blue, visual, dark current
&
[9)]
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2s may be seen from Table 2.1, for sensor 90° four consecu-

tive measurements at 8 sectors each are contained in one data
block.

Bit 16 of the ID-word of a science block governs the calibra-
tion lamps and the readout of the experiment.

Calibration lamps:

Bit 16 = 0: Calibration lamp A (bright) is on.

Bit 16 = 1: Calibration lamp B (dim) is on.

I1f a cycle of measurements on tape was assembled from more
than one cycle of measurements in space, part or all of the
calibration lamp measurements may not fit to Bit 16 of the
first science block and therefore be by about a factor of
two different from expectation, leading to anomalous values
of ratio between different readings of calibration lamps.

Readout:

Sensors 15° and 30°:

The sectors on the reduced-data-tape should be in correct
order. Only if Bit 16 of the ID-word was 1 during the measure-
ment but unknown to the ground station due to data loss it
may occur that even and uneven sectors are interchanged (1
with 2, 3 with 4, etc.).

Sensor 90

The sectors on the reduced-cdata-tape should be in correct
order..(sectors 1-8 (51-58) of measurement 1 (M1),followed by
sectors:1-8 of measurements 2,3,4). However, if Bit 16 was
not known to the ground station, the data were delivered in
the scrambled form the came out of the experiment (see Table

2,27 Experlment-lnternal sequence of measurements for sensor
90°) . .

Also.if a transmission errur occured on Bit 16, the wrong
column of Table2.2 was used for rearrangement into correct
order, leading to doubly scrambled data. Most, although not
all of these errors were corrected on the reduced-data-tape.
The user will recognize the few remaining scrambled data by
unusual values for dark current and zodiacal light bright-
ness. Table 2.2 allows to restore even these data.




Table 2,2: Experiment-in&ernal sequence of measurements
for sensor 90

Sequence number Measured quantity

of word Bit 16 = 1 Bit 16 = 0
1 52 M2 s3 M1
2 's3 M 52 M2
3 s2 M3 S3 M2
4 $3 M2 82 M3
5 s2 M4 S3 M3
6 S3 M3 s2 M4
7 sS4 M1 . 83 M4
8 S3 M4 | s4 M

9 sS4 M2 S5 M1
10 85 M1 54 M2
11 84 M3 S5 M2
12 '§5 M2 84 M3
13 sS4 M4 S5 M3
14 S5 M3 sS4 M4
15 S6 M1 s5 M4
16 S5 M4 86 M1
17 56 M2 s7 Mi
18 s7 M1 S6 M2
19 56 M3 S7 M2
20 S7 M2 56 M3
21 S6 M4 S7 M3
22 S7 M3 S6 M4
23 S8 M1 - S7 M4
24 s7 M4 S8 M1
25 S8 M2 st Ml
26 s1 M1 S8 M2
27 S8 M3 s1 M2
28 S1 M2 S8 M3
29 s8 M4 s1 M3
30 s1 M3 S8 M4
31 s2 M1 s1 M4
32 s1 M4 s2 Mi

Example: For Bit 16 = 1 the fifth number coming out of the
experiment refers to the second sector of the
fourth measurement of this particular point of the
measurement programme.

In the science data block with Identification 100 31

Mi means measurement of yv, M2 of B, M3 of V and M4
of dark current.



3, Description of the reduction procedure

In order to allow a critical use of the scientific data of
the reduced-data-tape the reduction procedure is presented
here.

The reduction follows the subsequent schene:

- correction for non-linearity

- dark current subtraction

laboratory calibration

correction due to calibration by stars.

This will be described in detail in the following. Only blocks
were kept for reduction which contain valid measurements in at
least 16 out of 32 sectors.

Correction for non-linearity

The observed count rates were converted to count rates at

the photomultiplier by allowing for o o

- an integration time of 513 sec in sensors 15~ and 307,
126 sec in sensor 90°

- a deviation of spin rate from the nominal value of 60.0
per minute cLal

- a frequency divider by a factor of 4

- the sector length of 1/64, 1/32 oder 1/16 revolution in sen-
sors 15° and 30°, 1/8 in semsor 90°. . .

For example a countrate 1.0 in a short sector of sensor 15°
or 30° corresponds to a count rate of 0.5/sec at the photo-
multiplier, while a count rate of 1.0 in the sensor 90° cor-
responds to a countrate of 0.25 at the photomultiplier.

Count rates larger than 8.2 x 106 or less than 300 are invalid.




Table 3.1 gives the transformation from observed count rates f
at the photomultiplier to corrected count rates f, at the
photomultiplier.

Table 3.1: Correction for non-linearity

Helios A Sensor f5°
5

£f£3x10° Hz - fo=1 5
£%3%x10° Hz ' fo =l_1+ -f—"—:’l‘-‘-%g--o.oogz]'f
. : 10
Sensor 30o
f 5105 Hz . fo=f c
10° Hz < f £3x10° Hz fo =[1+ £-10” , o.o17}= £
3x105 Hz<féBx106 Hz fo =[1 00 z + 0'6]- f

1.00-fo/11.1x10 100

Sensor 90O
fé.6x10$ Hz . fo =f

.elics B Sensor 150
£<2.2x10° Hz fo =[1+ £E_, 0.01]- £

Sensor 30o
5

f £2x10° Hz fo = £ 5
2%x10°< £<10% Hz fo =[1+‘£'—2-'“;—0— . o.oos] . £
£>10° Wz fo =[1.064 + £19 . 0.0135] - £
K 10 -
Sensor 900 5
£ £ 2x10° fo =[1+ -f:-:’-‘-“-‘-lg—-ao.m] . f
10°

bark current subtraction

The dark current for short, medium and long sectors as given
in the measurement cycle header block (identification 2) was
subtracted. During increases of cosmic ray intensity thg dark
current values may increase by one or two ordersof magnitude.

The values in the header block are averages over all valid
data in this cycle of measurements, I1f data are missing

~__they are taking f:gy_the preceding cycle.




Laboratory calibration

Table 3.2 gives the laboratory calibration at 20°C

Table 3.,2: Laboratory calibration at 20 c[§1o per count]
(in sensors 15 and 30° referring to short sectors).

: ID-Word _
Photometer Bits 1,2,3 4-8 Helios A Helios B

15° 101 4 0.0859 0.114
101 5 0.0859 0.125
101 6 0.0885 0.112
101 7 0.0306 0.0406
101 8 0.0390 0.0506
101 9 0.0406 0.0537
101 10 0.0412 0.0489
101 11 0.0139 0.0176
101 12 0.0274 0.0556
101 13 0.0285 0.0578
101 14 0.0290 0.0547
101 15 0.0100 0.0194

L 3

30° 110 7 4.55-3 | 4.16=3
110 §8 2.33-3 2.13-3
110 "9 2.09-3 2.24-3
110 10 6.33-3 5,953
110 11 6.07-3 - 6.78-3
110 12 5,95-3 6.66=3
110 13 5.86-3 6.53-3
Colour _

90° uv 4.,04-3 3.49-3
Blue 2.28-3 1.62=-3
Visual 2.93~3 1.39-3

1 810 is defined as the equivalent of 1 solar type star of

= 10.00 per square degree, based on the solar spectrum
(fﬁgs and Neckel, 1970) and a solar visual magnitude of
~26.73, solar (B~V) = 0.63, solar (U-B) = 0.15.

This laboratory calibration is applied to the zodiacal light
count rates as they would result from the corrected count
rate f, at the photomultiplier., This calibration is not ap-
plied to the recadings of the calibration lamps.
-

Example: A number of 2\10 "2 in section 10 (medium length)

of sector 15%, blue (identification 101 11) would

correspond to an intensity of sky light of 1390 S10.




The temperature dependence as determined from laboratory
calibration is given in Table 3.3.

Table 3.3: Temperature correction from laboratory calibration.
The observed zodiacal light values and readings of

the calibration lamps have to be divided by the fol-
lowing factors to be reduced to 20°

Photometer - Factor - : Range
Helios A, Sensor 15° 1 + (20-t) & 0.0033 < 209
- 1 + (20-t) x 0.0020 > 207
Sensor 30° 1 + (20-t) x 0.00285 £ 60,
Sensor 90 1 + (20~t) x 0.0031 £ 20o
1 + (20-t) x 0.0044 > 20
Helios B, Sensor 15° 1 + (20-t) x 0.0036 < 203
1 +.(20-t) x 0.0014 Z 20
Sensor 30° 1 + (20-t) x 0.00308 < 20°
o 1 + (20-t) = 0.0020 = ::o?>
Sensor 90 1 + (20-t) x 0.00298 Z 60

Here t is the temperature of the respective sensor, averaged
between internal and external temperature, except for sensor
900 where it is external temperature + 19,

For calibration lamps an additipnal correction has to be ap~-
plied taking into account the change in supply voltage:

Helios A, Sensor 15° 1 + (20-t) x 0.00068 < 202
Sensor 30° 1 + (20-t) x-0.00045 < 602

Sensor 90° 1 + (20-t) x-0.0001 < 60

Helios B, Sensor 15° 1 + (20-t) x-0.00136 < 202
Sensor 30° 1 + (20-t) x-0.0013 < 20o

1 + (20-t) %-0.0004 Z 200

Sensor 90° 1 + (20-t) X-0.00112 < 20

Here t is the temperature of the electronics box.

Correction due to calibration by stars

There was general agreement between laboratory calibration
and calibration by star crossings. In order to get an aver-
age of the two types of calibration, the following additio-
nal corrections were applied to the data.

The values obtained so far (S10 for sky light, correc~
ted count rate for calibration lamps) have to be multiplied
by

1 + (20-t) x 0.00167/2.0
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The temperature dependence as determined from laboratory
calibration is given in Table 3.3.

Table 3.3: Temperature correction from laboratory calibration.
The observed zodiacal 1ight values and readings of

the calibration lamps have to be divided by the fol-~
lowing factors to be reduced to 20°

Photometer Factor Range
Helios A, Sensor 15° 1 + (20-t) & 0.0033 < 209
o 1 + (20-t) x 0.0020 » 200

Sensor 30 1 + (20-t) x 0.00285 P4 60o

Sensor 90 1 + (20-t) x 0.0031 Vd 20o

1 4+ (20-t) x 0.0044 > 20

Helios B, Sensor 15° 1 + (20-t) x 0.0036 < 2og
1 + (20-t) x 0.0014 » 200

Sensor 30° 1 + (20-t) x 0.00308 < 209

o 1 + (20-t) x 0.0020 » 209

Sensor 90 1 + (20-t) x 0.00298 Z 60

Here t is the temperature of the respective sensor, averaged
between internal and external temperature, except for sensor
90° where it is external temperature + 1°,

For calibration lamps an additbnal correction has to be ap-
plied taking into account the change in supply voltage:

Helios A, Sensor 15° 1 + (20-t) x 0.00068 < zog
Sensor 30° 1 + (20-t) X=0.00045 < 602

Sensor 90° 1 + (20-t) x-0.0001 < 60

Helios B, Sensor 15° 1 + (20-t) x=0.00136 < 203
Sensor 30° 1 + (20-t) x=0,0013 < 200

o 1 + (20-t) x=-0,0004 7 200

Sensor 90 1 + (20=t) x=0.00112 < 20

Here t is the temperature of the electronics box.

Correction due to calibration by stars

There was general agreement between laboratory calibration
and calibration by star crossings. In order to get an aver-
age of the two types of calibration, the following additio-
nal corrections were applied to the data,

The values obtained so far (S10 for . 8ky light, correc-
ted count rate for calibration lamps) have to be multiplied
by

1 + (20-t) x 0.00167/2.0
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where t is the temperature of the respective sensor as
given in table 3.3

In addition the zodiacal light values have to be divided
by

1.026 for observations in v
1.012 for observations in blue
0.988 for observations in visual,

Colour equation

In order to derive the calibration by stars we had to imple-~
ment the colour equation of the instrument, i.e. the factor
by which the U,B or v brightness Uy, B,, Vo of a star has to
be multiplied to predict the reading Uy, By, V4 in our instru-
mental UV, blue and visyal channels. The colour equation was
determined by numerical integration over the bandpass of the
instrument using known stellar spectra and the known instry-
nent spectral sensitivity. The colour equations for the Helios
8ensors are given in the table 4. :

Table 3.4: Colour equation for Helios sensors

Sensor Factor Range in(B-V)
Helios A, Sensor 15° U: 1.0 < 1.15
1+((B-V)=1,15) «x 0.61 > 1.15
B: 0.795+(1.43=(B-v)) x 0.255 < 1.43
00795+(1o‘3-(B-V)) x 0.06 ? 1.‘3
V: 0.975+(0.83=(B-v)) x 0.138 < 0.83
0.975+(0.83-(B=V)} x 0.02 # 0.83
Sensor 30° y; 0.985+(‘B—-g%m)2x0.05 < 2.0
B: 0.731+(1,52=(B~V)) «x 0.27 <« 1.52
0.731+(1.52-(B-V)) x 0.09 2 1.52
v: 0.967+(0.85=(B=V)) x 0.143 <£ 0.85
0.967+(O.85—(B-V)) b 4 0.05 ? 0.85
Sensor 90°  U: 1,0+(0.63-(B-v))  « 0.055 < 2.0
Bt 0.685+(1.55-(B-V)) x 0.343 < 1.56
0.685+(1,55-(B~v)) x 0.12 2 1,55
v: 0.95+(0.84~(B~v)) «x 0.233 < 0,84
0.95+(0.84-(B-v)) «x 0.157 >» 0.84
Helios B, Sensor 15° U: 1.0 < 0.77
1.04(0.77=(B=v)) « =0.057 » 0.77
Bt 1.04(0.63-(B-v}) x 0.297 < 2.0
V: 1.0+(0.63-(B-V)J X 0.244 < 0.63
1.04‘(0.53'(3"‘”) X 0.195 ? 0163
Sensor 30°  U: 1,0+(0.63-(B-v)) x 0.048 < 2,0
B: 1.0+(0.63-(B-v)) x 0,293 £ 2.0
23 1.0+(0.63-(B-V)) X 0.237 < 0,63
1 +O+ (O. 63- (B"‘V) ’ b 00155 = 0- 63

Sensor 90° y: 0,99+ ({B-V =222 % 0.04

1.04(1.16=(B=V)) x (~1.28)
1.0+(0.63=(B-V)) x  o.35
0.865

{--]
o~

f<

1.04(0.63~(B=v)) x q.91
985
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4, Labelling

The reel-number of a reduced-data-tape informs the user
about the contents of the reduced-data-tape: The reel-number
contains 6 symbols:

1.: The first Symbol is always the letter "R" as an
identification for a reduced-data-tape

2.~4.: These letters are always one of the two combina-
tions "HEA"™ or "HEB", were "A"™ means Helios A
(or Helios 1) and "B" means Helios B (or Helios 2)

5.-6.2 means the month from launch of the data

For example: RHEBOS5

means: Reduced-data-tape, containing data of Helios B
from the fifth month from launch
(=May 1976) :
(see also chap. 13)




5. Contents and tape structure.

Normally, a reducéd-data—tape contains the measurement-cycles
(MC) of one month.

Each meaSurement—cycle is contained in one file, the length
of the file (=number of records within the file) depends on
the duration of one MC. - -

Additionally, to the number of files describing the MC's, at
the beginning of the tape, the tape header-file is located.
So the total number of files on a reduction-tape is the num-
ber N of MC's + the tape-header file. . -

Every MC-file contains various récords. The first record of
each MC file is always the MC~header record {see chapter
8.1.2). : L

Immediately after this record follow the valid science records
(nominally 36, see 8.2.2), one house~keeping record (see chap-
ter g8.2.1) and some orbit-attitude-records. (see chapter 8.2.3).
The number of orbit-attitude records depends on the duration
of one measurement-cycle,

The end of every file is marked by a EOF-mark, the end of the
tape is marked with additional three EOF-marks,

As already mentioned above, the first file of the reduction~
tape is the Tape-Header-File. The first record it contains is
the Tape-Header-record (see chapter 8.1.1), the next records
are the N MC Header Records, they are copies of the MC-hea-
der records of the N measurement cycles.,

For better understanding see Figure 1: Structure of reduced-
data-tape
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6. Word structure

The records of the reduced-tape are written on the tape in
a binary DEC-~mode. After all records of one file have been
written, an EOF-mark was written. After the last file has
been written three additional EOF are written to mark the
end of the content of the tape,

The added program shows how the tape was written,

Additional to the program we added a copy of the hardware-
reference-manual, describing the representation of integer
and floating point numbers,
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| NUMBER SYSTEM
A program can interpret a data word as a 36-digit, unsigned binary number, or the left and right
halves of a word can be taken as separate 18-bit numbers. The PDP-10 repertory includes instruc-

tions that add or subtract one from both halves of a word, so the right half can be used for address ;

modification when the word is addressed as an index register, while the left half is used to keep a :

control count, ) .
The fixed-point arithmetic instructions use 2's complement representations to do binary arith-

metic. In a word used as a number, bit 0 (the leftmost bit) represents the sign, 0 for positive, 1 for |

negative. In a positive number the remaining 35 bits are the magnitude in ordinary binary notation,
The negative of a number is obtained by taking its 2's complement. If x is an n-digit binary number,
its 2's complement is 2% - x, and its 1's complement is (2% - 1) - x, or equivalently (2" - x) -1

Subtracting a number from 2" - 1 (i.e., from all Is) is equivalent to performing the logical com- |
plement, i.c., changing all Os to 1s and all 1s to 0s. Therefore, to form the 2’s complement one takes :

the logical complement (usually referred to merely as the complement) of the entire word including
the sign, and adds 1 to the result. In a negative number the sign bit is 1, and the remaining bits are
the 2's complement of the magnitude. ’

o

+153)5 = +231, =[000 000 000 000 000 000 000 000 000 010 011 001

o _ 35

.

~15310 = =23Tg ={11L 111 110000 000 00 100 1 111101 100 111]
i n . 3s

MR-0196

A 2's complement addition aétua]ly acts as tﬁbugh the words repfcsenlcd 36-bit unsigned num- :

bers, i.e., the signs are treated just like magnitude bits. In the absence of a carry inlo the sign stage,
adding two numbers with the same sign produces a.plus sign in the result, The presence of a carry
gives a positive answer when the summands have different signs. The result has a-minus sign when

there is a carry into the sign bit and the summands have the same sign, or the summands have |
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different signs and there is no carry. Thus the program can interpret the numbers processed in fixed
point addition and subtraction as signed numbers with 35 magnitude bits or as unsigned 36-bit num-
bers. A computation on signed numbers produces a result that is correct as an unsigned 36-bit num-
ber even if overflow occurs, but the hardware interprets the result as a signed number to detect
overflow. Adding two positive numbers whose sum is greater than or equal to 2% gives a negative
result, indicating overflow; but that result, which has a | in the sign bit, is the correct answer inter-
preted as a 36-bit unsigned number in positive form, Similarly adding two negatives gives a result
which is always correct as an unsigned number in negative form. ,

Zero is represented by a word containing all 0s. Complementing this number produces all 1s, and
adding 1 to that produces all 0s again. Hence there is only one zero representation and its sign is
positive. Since the nembers are symmetrical in magnitude about a single zero representation, all even
numbers both positive and negative end in 0, all odd numbers ih 1| (a number all 1s represents ~1).
But since there are the same number of numbers with each sign and zero has a plus sign, there is one
more negative number than there are positive numbers (nonzero numbers with a plus sign). This is
the most negative number and it cannot be produced by negating any positive number (its octal rep-
resentation is 400000 000000 and its magnitude is one greater than the largest positive number).

If I’s complements were used for negatives one could read a negative number by attaching signifi-
cance to the Os instead of the s, In 2's complement notation each negative number is one greater
than the complement of the positive number of the same magnitude, so-one can read a negative
number by attaching significance to the rightmest | and attaching significance to the 0s at the left of
it (the negative number of largest magnitude has a | in only the sign position). In a negative integer,
ls may be discarded at the left, just as leading Os may be dropped in a positive integer. In a negative
fraction, Os may be discarded at the right. So long as only Os are discarded, the number remains in
2’s complement form because it still has a | that possesses significance; but if a portion including the
rightmost | is discarded, the remaining part of the fraction is now a 1's complement. Single precision
multiplication produces a double length preduct, and the programmer must remember that dis-
carding the low order part of a double length negative leaves the high order part in correct 2’s com-
plement form only if the low order part is zero. :

The computer does not keep track of a binary point - the programmer must adopt a point conven-
tion and shift the magnitude of the result to conform to the convention used. Two common conven-
tions are to regard a number as an integer (binary point at the right) or as a proper fraction (binary
point at the left); in these two cases the range of numbers represented by a single word is -235 to

25 - lor-1tol - 23, Since multiplication and division make use of double length numbers, there

are special instructions for performing these operations with integral operands.

The format for double length fixed point numbers is just an extension of the single length format.
The magnitude (or its twos complement) is the 70-bit string in bits 1-3§ of the high and low order
words. Bit O of the high order word is the sign, and bit Q of the low order word is made equal to the
sign. The range for double length integers and proper fractions is thus —27 to 210 _ 1 and -1 to
I - 277, The double precision instructions actually use quadruple length numbers for products and
dividends. But numbers of any length are just a further extension of the basic format: thirty-five
additional bits of the number in each lower order word, and bit 0 made equal to the sign. Remember
that truncating a multiple length negative requires an adjustment for the 2’s complement unless the
part discarded is zero. The convention for bit 0 of lower order words is inconsistent with that used
for floating point format [see below]. This does not affect the arithmetic instructions themselves, as
they ignore bit 0 in all lower order words. However instructions that negate a doubleword usc the
floating point convention. This means that if such instructions are used for fixed point numbers, a
problem could arise when comparing -one double precision number with another,
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Floating Point Numbers. The floating point instructions provide for conversion between fixed and
floating forms and handle both single and double precision floating point numbers, The same format

ing point instruction interprets bit 0 as the sign, but interprets the rest of the word as an 8-bit
cxponent and a 27-bit fraction. For a positive number the sign is 0, as before. But the contents of bits _
- 9-35 are now interpreted only as a binary fraction, and the contents of bits 1-8 are interpreted as an !
integral exponent in excess 128 (2004) code., Exponents from -128 to +127 are therefore represented

complement. A negative number has a | for its sign and the 2’ complement of the fraction, but since ;
every fraction must ordinarily contain a 1 unless the entire number is;zero [see below), it has the 1's :
complement of the exponent code in bits 1-8. Since the exponent is*in excess 128 code, an actual :

@ 1535, = 4231, = +£.462,X 28 =oﬁoom000]1001100100000000000000000?0]
01 59 R 38

T30 = -3l = -462,x 28 F@JluomonomHooooooooooooooooooo] f
: n1

89 . s

MR.0197

-

The floating point instructjons assume that all nonzero operands are normalized, and they normal-
ize a nonzero result, A floating point number is considered normalized if the magnitude of the frac-
tion is greater than or equal 1o 1/2 and less than 1. The hardware may not give the correct result if
the program supplies an operand that is not normalized or that has a zero fraction with a nonzero
exponent, : .

Single precision fleating point numbers have a fractional range in magnitude of 1/2 10 1-2°Y, In-
creasing the length of a number 1o two words does not significantly change the range but rather
increases the precision; in any format the magnitude range of the fractjon js 1/2 10 1 decreased by the
value of the least significant bit. In all formats the exponent range is ~128 to +127. ‘

The precaution about truncation given for fixed point multiplication applies to single precision
Aoating point operations as they are done in extra length; but the the programmer may request

- rounding, which automatically restores (he high order part (the result) to 2’s complement form if it is
.. hegative, In double precision floating point.instructions; all operands and results are double length
Ny and all instructions calculate an ‘extra length answer, which is rounded 1o double Teérgth with the
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appro'priatc adjustment for a 2's com

extension of the fraction, which is now si
result but is ignored in all operands: e.g.,

double precision fo_rmat,

and its negative is

0jl0 010 0111100 0G0 000 000 000 GO0 000 600 O(JBJ .
35

01 L]

[9f00 000 000 016 000 660 006 636 660 636 00 000]
35

01

MR-0198

ilel Y01 100011 18 LEL 101 TN 1 11
01 - 89 3s
{9[11 ITT 11T 110000 000 000 000 0G0 000 000 ¢o0
01 35
MR-0199

plement negative. In double precision format the high order
word is the same as a single precision number, and bits 1-35 of the low order word are simply an
Xiy-two bits. Bit 0 of the low order word is made 0 in a
the number 2'8 + 2-18 has this two-word representation in
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T T U PROGRAM CUR e T LS T RUR DI SRTO TADHS

C IASF, TEND AEA# UMIMEERS OF PEGIENING ARG EMD GF FILES
SOUBLE PPECTSION ALCFSS
NIMENGIUN TZEILE(2),1(106)
DATA 1ZFTLE/YZLIOO, ', DAT!/
LBLUCK = 0 18C~BLUCK=COUKTER

« NPEN (UNIT=23,DEVICR='DSKC',ACCESS='SEGIN', MODE="FSCITY,
> 1 FIHE= 2 ht A AT o)

C READING FROM ZLBAND . DAT=FILE IN 14=~FURMAT
KEAD (23,222) IANF,1elD -
222  FORMAT(5]4)
CLOSE (UNIT=23
OPEN(UNIT=17,DEVICE=NTA,ACCESS='SEQUUT !, PUDE="HILARY', .
1 DERNSITY=1600™)
DO 200 LL=I1AHF,IEND —
INN=LI,
CALL—NAMERYT (INN ADRESS, IZEILE) :
OPEN (UnJT=24,DEVICE='DSKB',ACCESS='SEQRIN',#ODE="BINARY ", -
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The recording technique used
is NRZI {nonreturn to zero,
inverting). Ina given frame (je
character position) a change in
the direction of magnetization

- in any trzck representsa 1in

the character bit correspond.
ing to that track. Thusif the
" a2 bit is 0 in a string of

¢ ,aracters, there is no change
‘m.(

in the rack corresponding to
that bit; but for a string of Is,

the flux direction changcs in

every frame,
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STANDARD MAGNETIC TAPE TM10

PART II
STANDARD MAGNETIC TAPE

A system for handling industry-standard magnetic tape consists of a TM10
control and up to eight tape transports; each unit in the system occupies a
separate cabinet. DEC supplies several types of transports that differ in tape
speed and tape handling characteristics. Each type is available in two ver-
sions. for recording infermation in seven tracks and nine tracks. Thusdata
transfer rates and timing depend on the transport, but each transport supplies
information to the control such that transports of different speeds and
recording formats can be operated by a single control. Transports currently
available move tape at speeds of 45. 75 and” Iso inches per second. Every
transport accommodates two 10%-inch reels (one for supply. one for takeup)
and can record information in three densities: 200, 556 and 800 bytes per
inch (bpi). A full reel has 2400 feet of half-inch tape znd at 800 bpi can
store over 135 million bits of data in the 7-track format, or over 180 million
bits in the 9-track format. :
 The program communicates with the tape control, which-in turn governs
all tape transports but communicates with only one transport at a time.
Reading and writing (recording) can occur only when tape is moving forward
(from supply reel to takeup reel), but the control can space the tape {ie move
it to a new position) in either direction. Although only one transport can be
reading, writing or spacing at a time, rewinding the entire tape onto the sup-
ply reel at high speed requires only initiation by the control. The rewinding
transport then proceeds automatically while the control can operate another
transport. ;
Data transfers between tape and control are governed entirely by the con-
trol. Transfers between a TM10A control and memory are handled by the
program over the 10 bus, whereas the TM10B control is connected to a data
channel for automatic transfer of data to and from memory, thus bypassing
the central processor [§5.1]. ”

' 6.6 TAPE FORMAT

The control writes characters containing seven or nine bits of information:

one bit is written in each track. Every characteris part of a data record ora ..

file mark. A data record contains ‘both data characters and enor{heckmg
characters. Every data character consists of a data byte and a lateral parity

~bit, which the control generates so that the number of Isin. the character is

odd or even as specified by the program. The data bytesina record taken to-
gether correspond 1o a block of words sent from memory to the control. To

separate adjacent records the con!rol automatically erases a segment oftape '

between-them: this segment 1s called a “record gap™. The control always

"stops the tape ina gap. | . _ - . -
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Full wonds are transferred betwezen memory and control even though the
‘tape characters may contain 6-bit or 8-bit data bytes.. To write, the control
divides the words into data bytes, and when reading, the control reassembles
the bytes into words, There are several ways in which this is done, For 7-
track format, the program can select any density, and the control writes each
word as six characters, each containing a 6-bit data byte. After the control
writes the last data character for a record, it writes three blank frames (zero

IEST l SECOND THIH LY EOLRIH L HIFTH SIXTH
] $6 11z tT18 23124 29 30 35

T.THACK BYTE DISTRIBUTION i
»

£0R GAP (I FR2NES) Lpe

W R P

ONE RECORD RECOAD GAP ~— =— FORWARD JAPE WOTION

7-TRACK RECORD FORMAT

characters) followed by a longitudinal parity check character (LPCC). The
three blank frames constitute the end of record gap {EOR), which is used by
the control to detect the end of record. The EOR is used in writing as well as
reading since the tape encounters the write head first, and the control detects
everything shortly after writing it. The LPCC (which may be zero) produces
even parity in each of the tracks along the length of the record. The mini-
mum record gap is .75 inch. '

When the control reads or writes a data record, it checks that the (lateral}
parity of every data character agrees with the parity specified by the program
and checks that every track has even (longitudinal) parity.

The 9-track format is used for recording data compatible with systems
based on 8-bit bytes. The program must select a density of 800 bpi, and the
control writes bits 0—31 of each word in four characters, ignoring bits 3235

" altogether. The bits from left to right in each 8-bit byte are written in tracks

0—7. After writing the Jast data character, the control writes an EOR gap, a
cyclic redundancy character (CRC), three more blank frames, and an LPCC.
The control generates the CRC as described in §6 of USAS X3.22-1967,
USA Standard, Recorded Magnetic Tape for Information Interchange (800
CPI, NRZI). Taking the CRC bits as numbered in that document and the
track scheme defined zbove, CRC bit | corresponds to the parity track and
bits 2—9 correspond to tracks 0—-7. The standard record gap is .5 inch mini-

mum, .6 inch nominal, 25 feet maximum,
When the control reads a record in 9-track format, it‘assembles data into

36-bit words. Each word is composed of four data bytes inbits 0—-31 and the
corresponding character parity error indicators in bits 32—35 (eg 2 1 in bit 33

For industry compaiibiiity the
program must select 800 bpi
and odd parity.

‘The difference in nominal gap
length betsveen 7-track and 9-
track format is due entirely to
a difference in head spacing.
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Characters are assemnbled into
words in this manner by an
IDPB loop or an ASCII or
ASCIZ pseudoinstiuction.

The “tracks” referred to here
ate simply a convenience for
identifying the bits inthe data
bytes. The actual correspond-
ence of character bits to phys-
jcal tracks on tape is as fol-
lows:

BIT 204P567173
TRACK 1213456789

This scheme, which minimizes
the effects of errors, is recom-
mended in the standard refer-
enced in the text.

A 1 in an error bit does not
necessarily mean the corres-
ponding byte is in error: the
error could be in the panty

@ack
" program must use bit 32
ena the panty being checked
for in order to regenerate the
bit actually read from the pat-
ity track of the CRC by the
control, keeping in mind that
the panty track does not con-
tain an actual parity bit. The
parity of the CRC will be odd
if the number of data charac-
ters in the record is even,
otherwise the CRC party is

even.

Errors discovered in a record
in core dump format at 800
bpi can be corrected by re-
rezding the recerd in 9-track
format, if investigation of the
CRC mdxcaies the errors are
cenfined to a single tlrack.
The program must then re-

construct the original words,

four from each group of five

4-byte sets supplied by 1he .

ccmrol

o1 more €ONtiguous miss-
mf uacters would be inter-

presay by the control as an
EOR gap. This sets the Bad
Tape flag and terminates lhc .

function,

FEBRUARY 1975
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STANDARD MAGNETIC TAPE TM10 TG
[ FIRST SYCOND THIRD FOURTH ]
0 7K 1516 124 nn Y

STRACK HYTE DISTRIKU 10N

3 BLARK fRANES
QR GZP [3 FREMES) eRe
\ (PCC
——

ONE RECCRD RECORD GAP —— «—— FORWARD TAPE MQTION

9-TRACK RECORD FORMAT

indicates an error in the character from which the byte in bits 8—-15 was

taken). 1f errors occur, the program can use the cyclic redundancy character
to determine if the errors are confined to a single track, and if so, to correct
them. After reading the data characters in a record, the control makes the
CRC available in a word in which bits 0--7 contain information from the data
tracks and bit 32 contains a parity error bit. The program can correct errors
by using the procedure described in Appendix B of the standard. It is not
necessary to reread the tape: the error pattern can be generated from the
data in memory. If errcrs are confined to a single track, the program can cor-
rect the record by complementing the bit from the bad track in every byte
whose error bit is 1.

To facilitate the use of O-track tepe for binary data applications, a core |

dump format is available in which the program can select any density, and

the control tses the 9-track record format but writes full 36-bit words as five |
characters each. The first four bytes are taken from bits 0—31 of a word in |

the same manner as in 9-track format; the fifth data byte contains Os in tracks

FIRKT ] SECOND I THIRD

0 TR 1516 2324 o i kL

CORE DUMP BYTE DISTRIBUTION

0 and 1 and bits 30-35 of the word are contained in tracks 2—-7, To reas-
semble the word during reﬂding, the control ors the overlapping bits. The

" CRC is wrtten in the usual f“S.hJOTl but no error bits are supphed wnth the

data bytes. - : . . -

When writing.in even parity inany recording format, the program must not
supply a word containing a:zero data byte, since this would resultin a miss-
ing character (a blank frame), and no words beyond that point would be re-
assembled correctly. The control does not check for missing characters when

reading, but such an event always terminates the function at the end of the

current record. ) . ) . -

-

h |
DATA . ‘ 6" .7 oama g
J

1 { 1 {

f 1 { 1 I 1
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" INSTRUCTYIONS

To facilitate tape proccssing the program can group sets of data records
- into files. The end of a file is indicated by a 3- inch gap followed by a file

mark. The file mark is a special record containing a single, special data char-
acter and its LPCC. vwhich is equivalent.  ‘The control always terminates a
function when it encounters a file mark: in particular, the control can space
by files as well as by numbers of records, :
Each tape has two physical markers to indicate its extremities. These
markers are reflective strips that are sensed by photoelectric cells in the
transport {one marker can be seen on the tape in the illustration at the end
of §H4.2). The toadpoint marker is located about fifteen feet in from the
beginning of the reel and denotes the logical beginning of the tape. Reverse
functions stop automatically at this marker. A load point gap of at least
three inches (twenty-five feet maximum) precedes the first record on the
tape. Thc endpoint marker is about twenty-five feet from the physical end
of the tape: the final fifteen feet of tape should be left for trailer, ie the
program should not record more than ten feet beyond the endpoint (this is
enough for a 4000-word record at low density). A status bit indicates when
the tape is beyond the endpoint. but this condition stops the tape auto-
matically only when it is spacing forward. - :

An annular groove is molded into the back of every reel, .md the control
cannot write on the tape unless the supply reel has a plastic (write enable)

ring in this groove. By leaving the ring out, the operator can protect the data

on the tape from accidental destruction (overwriting or crasure).

While the control is actually processing the data portion of a record, the
data transfer rate is fixed. However, in a lengthy tape run, the effective (av-
erage) transfer rate depends on record length, which determines the percent-
age of tape taken up by gaps (at the highest density in 7-track format, each
record gap could hold 100 additional words), The effective transfer rate is
therefore a function of record length as well as tape speed and density.

Tapes recorded on some 1BM
transports have a substandard
ioadpoint gap of only .5 inch
and are thus not compatible
with the TM10.

The markers are on the shiny
side of the tape; the endpoint
marker is against the edge
nearer the transport, the load-
point marker is against the op-
posite edge.
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8. Data block structure

8.1 Labels

8.1.1 Tape header label

A detailled description of all labels is contained in tables
8-1-1 to 8-1-2.
Table 8~1-1 TAPE HEADER LABEL

Only the first ten words of this record are used, all are
INTEGER words.

Word Contents Value

1 Label identification 1

2 Reel-number (insignificant) '~ variable
3 Helios A (=90), or Helios B (=91) 90,91

4 Level of tape processing {insignificant) 4

5 Experiment-identification 9

6 Sequence number of tape {=1 for month variable

of launch)

7 Code for computing center (insignific.) 20

8 Day 1 to 31
9 Month } of Tape-generation 1 to 12
10 Year 19..

11-286 not used 0




8.1.2 MC~header label

Table 8-1-2 MC-HEADER LABEL

This record contains 286 words,only the first 110 words are
used, the first 70 words are to be read in INTEGER the rest is
to be read in REAL (single precission)

Word Contents Value
1 Label identification 2
2 MC-number (counted from launch) variable
3 Year 19.. -
4 Day . 1...366
5 Hour start of MC science data 0...23
6 Min (ground receipt time) 1...59
7 Millisec 1...59999
8-12 Same as above for end of MC science data
13 ' ' Motor 1 (15° Pol.) 0,1,2
14 Control for position Motor 2 (300) 0,1,2
15 of the filter-wheels Motor 3 (90°) 0,1,2
16 Motor 4 (15° colour) 0,1,2
0 correct position recorded
1 failure to record zero position
2 no control bit available
17 Dark-current control 15° PMT, short sector 0,1,2
18 Dark-current contrcl 15° PMT, medium sector 0,1,2
19 Dark-current control 152 PMT, long sector 0,1,2
0 data available ;
1 not enough data available for averaging
2 no original experiment data blocks available
In cases 1 and 2 dark-current is taken from preceding MC.
20 Dark-current flag 15© PMT, short sector 0,1,2,*~
21 Dark-current flag 15° PMT, medium sector 0,1,2,«°"
22 Dark-current flag 15° p1t, long sector 0,1,2,+""
0 all data £ upper limit
>0 n count rates > upper limit -
23 Dark-current control 30° PMT short sector 0,1,2
24 Dark-current control 30° PMT medium sector 0,1,2
25 Dark-current control 30° PMT long sector 0,1,2
0 data available _
i not enough data avialable for averaging
2 no original experiment data blocks available
In cases 1 and 2 dark-current is taken from preceding MC.
26 Dark-current flag 30° PMT, short 0,1,2,-"°
27 Dark-current flag 30° PMT, medium 0,1,2,«
28 Dark-current flag 309 PMT, long 0,1,2,* °*

29

all data £ upper limit

n count rates > upper limit ‘
Dark-current control 909 PMT 0,1,2
data available )

oo

not enough data available for averaging

0

1

2 no original experiment data blocks available

In cases 1 and 2 dark-current is taken from preceding MC.




Table 8~1-2 {continued)

ivord Contents Value
30 Dark-current flag %0° PMT 0,1,2,-°
0 all data £ upper limit
>0 n count rates > upper limit
31-58 not used 0
59 Flag for Bit 16 (in EDR) 0,1,2," "
0 Bit 16 did not change
>0 number of changes of bit 16 within 1 MC
60 Bit 16 in the first EDF, is used for 1,0
bit 16 for this MC
61-70 not used .
All the following words are to be read in REAL (single precission)
71 Temperature PMT 15° variable
72 Temperature PMT 309 variable
73 Temperature PMT 90° variable
74 Temperature electronic-box variable
75-76 not used
77 Dark-current PMT 15° short sector variable
78 Dark~current PMT 15° medium sector variable
79 Dark-current PMT 152 long sector variable
80 Dark-current PMT 303 short sector variable
81 Dark-current PMT 30  medium sector variable
82 Dark-current PMT 30° long sector variable
83 Dark-current PMT 90° variable
77-83 means the average of all available data in this measure-
@?L ment cycle (sectors 5.6°, 11.39, 22.59)
Sensor 15° .
. 84 calibration lamp A, polarisation-foil, corrected variable
average
85 calibration lamp B, polarisation-foil, corrected variable
average
86 calibration lamp A, gquartz, corrected average variable
87 calibration lamp B, quartz, corrected average variable
the value is set to =-1.0 if no data or only cne
count rate are available.
88 calibration lamps, ratio AQ/AP variable
89 calibration lamps, ratio BQ/BP variable
90 calibration lamps, ratio AQ/BQ variable
91 calibration lamps, ratio AP/BP variable
the value is set to -1.,0 if no data or only one
count rate are available.
Sensor 30O
92 calibration lamp A, quartz variable
93 calibration lamp B, quartz variable
94 calibration lamps, ratio AQ/BQ variable

the value is set to -1.0 if no data or only one
count rate are available.




Table 8-1-2 (continued)
i Word Contents Value
Sensor 90O

95 calibration lamp A variable

96 calibration lamp B variable
97 calibration lamps, ratio A/B variable

the value is set to -1.0 if no data or only one
count rate are available,
Whole experiment:
98 Spin-rate (taken from 1St OA-Block of this MC) variable
99 Spin-rate (taken from the last OA-Block of this MC)variable
100 A({Helios) (taken from 1St OA-Block) variable
of this MC
101 A(Helios) (taken from last OA-Block of this variable
MC)
102 Distance Helios-Sun (in AU) (from 1St OA Block) variable
103 Distance Helios-Sun (in AU) (from last OA Block) variable
104 SIGMA variable
105 THETA variable
106 Day of first OA-Block variable
107 Hour of first QOA-Block variable
108 Day of last OA-Block variable
109 Hour of last QOA-Block variable
11 not used 0.

0-286

s




8.2 Data blocks

AT are shown in Tables 8-2-1 to 8-2-3.

8.2.1 Housekeeping blocks

There are three types of Data-blocks. The block formats

This record contains also 286 words, only the first 202 words
are used. All words are INTEGER words.

Table 8-2-1 HOUSEKEEPING BLOCKS (HK-~BLOCK)
Word Contents Value
1-n 1<4£n £24 Block identification 10
n= number of hourly averages in this MC
n+l to 24 not used 0
25 to 24+n MC-number (counted from launch) variable
25+n to 48 not used 0
49 to 48+n seconds since beginning of the day variable
or seconds since beginning of the year variable
49+n to 72 not used 0
73 to 72+n one-hour-average of the external temperatures variable
of sensor 15
734n to 96 not used 0
97 to 96+n one-hour-average of the external temperatures variable
of sensor 30°
9@ to 120 not used 0
21 to 120+n one-hour-average of the external temperatures variable
of sensor 90°
214+n to 144 not used 0
15 to 144+n one-hour-average of the external temperatures variable
-0f the electronic box
15+n to 168 . not used 0
59 to 168+n one-hour-average of the internal temperatures variable
.of sensor 30°
59+n to 192 not used 0
33 to 192+n one-hour-average of the internal temperatures variable
of sensor 15°
93+n to 286 not used
The value is set -99 if no data are available




8.2.2 Science-block

This record contains 286 words only the first 138 words are
used, the first 52 words are to be read in INTEGER, the rest
is to be read in Real (singke precission)

Table 8-2-2 SCIENCE-BLOCK (SC-BLOCK}

53-84

35116

The following words are to be read in REAL (single precision)

Count rates (sector 1 - sector 32) from original  variable
data blocks,0, -0 or 1.6x10° means no data

available

$-10 values (sector 1 - sector 32).0nly calculated variable

for zodiacal light measurements. Empty for blocks
containing dark current, calibration lamp or test
" pulses.

Word Contents Value
1 Block identification 11
2 Block sequence-number in file variable
3 TLM-format - variable
4 Telemetry bitrate (bits/seconds) variable
5 Number of the first SC-frame in block variable
€ Number of the last SC-frame in block variable
7 DM (distribution mode) 0,1,2,3,4,7
If the value of the seventh word is equal seven
so the time in words 9 to word 16 are fictitious
times.
8 Bitrate while measuring {(in Helios) variable
9 Ground receipt time Day 1 to 366
10 Ground receipt time Hour 0 to 23
11 Ground receipt time Minutes 0 to 59
12 Ground receipt time Milliseconds 0 to 59999
13 SC~-transmit-time Day 1 to 366
@?ﬂ 14 SC-transmit-time Hour 0 to 23
: 15 SC-transmit-time Minutes 0 to 59 )
16 SC~transmit~time Milliseconds O to 59999
17 Ground receipt time Year 19 ...
18 24 bit word to flag data transfer of telemetry variable
words 1-24
O = correct transmission
1 = telemetry word suspect or missing
First 4 1/2 telemetry words cover the ID-bits.
Then each 1 1/2 telemetry words correspond to
one count rate
19 Bit 1 of ID-word 1
20 Bit 2 of ID-word 0,1
21 Bit 3 of ID-word 0,1 .
22 Bits 4~8 of ID-word 0...31
23-50 Bits 9-36 of ID-word 0,1
Word 19-50 are taken from word 45-76 from the EDR
51-52 24 bit words to flag data transfer of telemetry variable
woxrds 25-48 and 49~72, see also description of
word 18
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:'_Word

Table 8-2-2

{continued)

Contents value
117 Stokes Parameter Q (U)
118 Stokes Parameter Q (B)
119 Stokes Parameter Q (V) )
120 Angle of polarization in degrees® (y) variable
121 Angle of polarization in degrees® (B)
122 Angle of polarization in degrees® (V) variable
*Counted counter-clockwise from line sun-ecliptic
pole variable
123 Stokes Parameter U (U)
124 Stokes Parameter U (B)
125 Stokes Parameter U (V)
126 polarized intensity in U variable
127 polarized intensity in B variable
128 polarized intensity in V variable
129 Intensity (S10) in U variable
130 Intensity (S10) in B variable
131 Intensity (S10) in V variable
132 Rate of polarization (U) variable
133 Rate of polarization (B) variable
134 Rate of polarization (V) variable
words 117-134 are only contained in the data of
_ the PMT 90°,
§§§ These words are 0. for PMT 159 and PMT 30°.
135 - Distance Helios-sun variable
136 A (sun seen from Helios, equinox 1975) variable
137 A\ (Helios seen from sun, equinox 1975) variable
138 Spin-rate (rps) variable
139-286 not used 0.

Words 135-138 are interpolated from the OA-blocks
(ground receipt time)., They are not added for
blocks containing dark current, calibration lamp
or test pulses.

The ground-receipt-time from the first sc-block
is taken for MC-start-time, MC-end time is taken

from the ground-receipt time of the last SC~block.




8.2.3 Orbit-attitude block

This record contains also 286 words, only the first 145 are

? used, the first 4 words are to be read in INTEGER, word 5-145
are to be read in REAL (sinde precission),

With exception of word 3 these are copies of the orbit-atti~
tude-blocks on the EDR.

Table 8-2-3 ORBIT-ATTITUDE BLOCK (OA-BLOCK)

Word Contents Value
1 Block identification . 20
2 Block sequence number in file variable
3 Number of MC from launch variable
4 Insignificant variable

The following words are to be read in REAL(single precission).
Coordinates are given for epoch and mean equinox of 1950.0
TIME-BLOCK

5 Julian date in ephemeris time variable
6 Time past January 1, 1950 in ephemeris time variable

7 Year 19 ...

8 Month 1.-12.

9 Day 1.-31.

10 Hour 0.-23,

11 Minutes — 0.-59.

12 Seconds 0.-59.
13 Time from launch in seconds variable
14 Ephemeris time-UTC, in seconds variable
15 X Position coordinates of variable
16 Y—} Helios in A.U, variable
17 Z variable
18 UX ) Velocity coordinates of variable
19 JY » Helios in A.U. per day variable
20 Uz variable
21-26 Same as above for Mercury variable
27-32 Same as above for Venus variable
33-38 Same as above for Earth variable
3944 Same as above for Mars variable
45-50 Same as above for Jupiter variable
51-56 Same as above for Moon variable
57 Ecliptical longitude, counted from mean equinox, variable

of Helios
58 Ecliptical longitude, counted from earth-sun line, variable
of Helios _

59 Ecliptical latitude of Helios : variable
60 Distance in A.U. of sun-Helios variable
61-64 Same as above for Mercury variable
65-68 Same as above for Venus variable
69-72 Same as above for Earth variable
73-76 Same as above for Mars variable
2. 17-80 Same as above for Jupiter variable

R
LINCE

271--84 Same as above for Moon variable
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Table 8-2-3 (continued)

4 Word Contents Value
85 Radial velocity of Helios in A.U. per day variable
86 Normal velocity of Helios in A.U. per day variable
87 Heliographic longitude of Helios, counted from variable
the ascending node
.88 Heliographic latitude of Helios variable

Number of rotation of the sun, in a launch at 16 helio-

graphic latitude
89 Same, referred to the earth variable
90 Referred to Helios variable

GEOMETRIC BLOCK

91 Right ascension of Helios variable
92 Declination of Helios variable
93 Distance in A.U. of Earth-Helios variable
94-96 Same as above for Moon variable
97-99 Same as above for Sun variable
100 Radial velocity of Helios in A.U. per day variable
i01 Normal velocity of Helios in A.U. per day variable
102 X Position coordinates of Helios in A.U. variable
103 Y Position coordinates of Helios in A.U. variable
104 Z Position coordinates of Helios in A.U. variable
105 UX Velocity coordinates of Helios in A.U. per day variable
106 UY Velocity coordinates of Helios in A.U. per day variable
107 UZ Velocity coordinates of Helios in A.U. per day variable
é?L?—113 Same as above for Sun variable
114 - Solar ecliptical latitude of Helios variable
115 Solar ecliptical longitude of Helios variable
116 X Solar magnetospheric coordinates variable
117 Y } of Helios variable
118 Z & variable
DISTANCES BLOCK (all distances in A.U.)
119 Helios-Mercury . variable
120 - Helios-Venus variable
121 Helios—~Earth variable
122 Helios-Mars variable
123 Helios-Jupiter : variable
124 Helios~Moon ' variable
125 Helios-Moon-orbit variable
ANGLES BLOCK (in degrees)
126 Earth-Helios-sun . variable
127 Helios-sun-earth variable
128 Sun-earth-Helios variable
129 Helios-earth-moon variable
130 Ecliptic~plane - (earth-Helios) line variable
131 Right ascension of orbit pole variable

132 Declination of orbit pole variable
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i Zord Contents Value

ATTITUDE BLOCK

133 Flag for black-out variable
134 Solar aspect angle SIGMA variable
135 3 sigma value of the sclar aspect angle variable
136 Pitch angle THETA variable
137 3 sigma value of the pitch angle variable
138 Angle between Z-axis and orbit plane variable
139 Mercury aspect angle (angle between z-~axis and variable

"Helios Mercury-line) -

140 Venus aspect angle variable
141 Mean spin rate variable
142 Ecliptical longitude of $/C-spin axis variable
143 Ecliptical longitude of $/C-spin axis variable .
, counted from earth-sun line '
144 Ecliptical latitude of §/C-spin axis variable
145 Dummy variable

;
—

Table 8-3-2 (continued)
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9. Remarks

As mentioned in Chapter 1 a reduced-data~-tape normally con-
tains the data of one month.

But often it happens, that the reduced~data-tape contains
the last days of the preceding month or the first days of
the following month or both of them.

Some times it occurs that the tape covers the period of two
total months. This happened when within one month only a few
measurement cycles were received.

In the extended mission of the spacecraft the zodiacal light
experiment had to be switch off during aphelion passages due
to a decline in the available spacecraft power. Therefore
there are months for which no data are available.

Other larger data gaps may be due to blackout periods (Helios
behind the sun, no telemetry transmission possible).

If a measurement cycle contains more than one block with sky
light data of a given identification (ID word bits 1,2,3 and

4-8), then only the data of the last of these blocks will be
reduced.

Spikes in the data do occur from time to time. Usually they
can be traced back to transmission errors.
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Known peculiarities in Helios B reduced data tapes

1.) In October 1979 sensor 30° slowly lost sensitivity until
complete failure. For simplicity the data were kept on
tape.

2.} Attitude maneuvers were performed on days 15 to 21/1976,
51/1976, 58/1976 and 341 to 342/1977. Orbit-attitude in-
formation on spin axis orientation (SIGMA, THETA) may be
unreliable for those dates.

3.) Disorder of 90° science blocks mentioned on page 2.7 oc-
curred, e.qg., on days 93 to 94/1977.

4.) MZY 579 (during blackout, July 1976) covers a period of
10 days. Values of 73, R, interpolated in the science
blocks, therefore, may be slightly off.




during attitude maneuvers

oh 8pin axis orientatios SIGHa

w3 g
d41/1475, alree

THETA) is unreliable from launch through
on days 63/197s5, 80/197% 102
1975 and 77/197¢.

~ to be continued -
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10. Programm for reading the tape

This programm to read a reduced tape was used on
computer (36-bit word structure).

a DEC-10




.m:l.h%:,t4»:»\;,.A’.a'ﬁi’::a-ﬁwdm.‘mfi«w?aé‘ L 3 Fiied g

L Al L -
emexazaazd oy et a2 at s A S ARt L A2 A0 AR AR LAt L0
C

N 141225222 AAAiaasisssziatsradnstssasaat s ad i dss i i I s astcll
Cm==mm=THIS PRUGRAMN READS SUME FILES FROM A REDUCED=LATA=TAPE===
R B3 2220200 d s rasasanar sttt a I PR A il s At ol st Ll S
‘ C
R 333533t 23a0330sazxsasaraassazasyzsaassadnd e i st st IRl it s sl R
DIMENSION X (286),HFADER(39),0A(141),58C(86)

FOQUIVALERCE  (X(71),READER(1)),C1(53),5C(1)),(1(5),0A(1))

A=y
L=0
=0
Co== [, COUNTS THFE NUKHER OF FTLES==e
—CEFSR N CUURTS THE RUFBER OF RECURTS=+==
7 OPENCUNIT=17,DEVICRE=YHTA ,DEMSITY="1600" yWUDES ' HINARY ",

TACCESS="SETTIrT

6 b0 3 1I1=1,286

3 P RY 8L
READ(L?,ERE=4,EnD=5) 1
M=+
TYPE 10} ,H
TFCI Ty BTy GOTU 1
IFCI(1).FQ.2) GUTO 2

') IFCIY ) ENSTOT GOTO T
IF(I(1).£0,11) GOTO 11

TF IR ETL 20 GUTO 20
GOTO 6

T WRITECTR, TU0) CL(K), K=, TUY
YRITECIW,500)

500 FUORNRILZ//T
100 FUORMAT(3X,10X10)
2 1 4LV A
2 WRITE(In,100) (I(K),K=1,70)

FRITECT®, 200  CHEADER(K)TK=1737)
WRITE(IW,500)

2070 FORTATCIOCTAZETUSAS X))
GOTOD 6

10 KRTTETI =, 100 ¢TI (R ) R=T1,2867
wRITE(I»,500)

GITO 6 _
11 WRITE(I=,100) (1(r),Kk=1,52)
rRITE( LA, Z0TT) (SC(R)TR=T,86)

) WRITE(Iw,500)

SOI0 6
29 WRITE(ILw,100) (1(K),k=1,4)

ARITETTw , 2UT) (OR (RS ES1IT13T)
YRITECIF,500)
oUTO 6
4 sRITE(IW,300) )

300 FORARTCIOX, TOCIRY Y, "PARTITYSERROR ' TI0CIH YT
GOTO 6

2 TRITE(TV,RMT) , e
400 FORMAT(LGX,10(3H%),'E ¢ F *,10(1H*))

L=T*1 T
TYPE 102,10,

TOT FORWAT(CIA S " BURER CF RECCRDS Y ITHY = i
102 FURMATLLIOX, 'u‘-i'.lhl_IEIR OF FILES',I14)

IF(C.LT.ZY GOTO 7

CLOSE(URIT=1T)

STOP 2 FILES ARLCTHERD?

FND




11. Example of a print-out of the tape

This is an example for the print-out of some files of the
reduced tape.
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12. List of

abbreviations and symbols

MC:
ID:
PMT:
SIGMA:

THETA:

TILM-Format:

gC-frame:
DM:

EDR:
oA-Block:

ziHelios) in

Measurement-cycle through all sensors and all
filter combinations, duration normally X 5h

Tdentification word, the first 36 bits of science
data block, often only the first g bits are meant,
which identify the type of measurement

gensor, photometer

'golar aspect angle; angle between spin axis and
Helios-sun line '

Pitch angle, measured as rotation about Helios-
sun line, 0° if spin axis points in flight
direction, 90° if spin axis points north in
solar meridian

Five different formats (distribution of frame
under experiments) are available, see detailed
experiment description

spacecraft transmits data in frames of 8 X 144
bits

|l

Refers to handling of data in spacecraft, DM 7
data stored in the core nmenory

Experiment data frame = science data block
Block containing orbit and Attitude information

OA Block: Heliocentric ecliptic longitude of
Helios counted from vernal egquinox (1950.0)
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CG—Fixed Coordincte System

Definition )
Reference syr;tem centered at CG of s/c |
§andn axis in the orbit plane ( perpendicular to each other) i
n axis pointing to the sun
{ axis perpendicular to the orbit picne

(t - axis

+Z -axis
Al ' \ {s/c - tigure axis)

¥

\
\
A
\

\
\

\
~_ N
T~_9 \
\ \j)\
{D./"/ + 1 —axis

Definition of Attitude Coordinate System

. CG ' Center of Gravity

: Solar Aspect Angle ( angle between +z-and +7-axis)
. Pitch Angle {angle between orbit plane and plane +2 /+n-axes)
Angle between +z-axis and orbit plane '

9 oQ Q

Spin Angle (angle about +z-gxis measured by See Sun Pulse)

S




List of available and missing reduced-data-tapes
"Helios B"

June 1977 1is contained in the tape of May 1977
February 1978 is contained in the tape of January 1978
January 1979 1is contained in the tape of December 1978

February, March of 1979 are missing periment was off.

July, August, September of 1978 are missing because the ex-
July, August, September of 1979 are missing

No data for were received for Helios B later than December 1879,




List of number of files per reduced-
association of the reel-number to th

- 13.2 -

data-tape and the
€ month from launch.

({Helios B)

Table 13,1

Reel~number Files Month Year
RHEBO1 71 January 1976
RHEBQO?2 135 February 1976
RHEBO3 142 March 1976
RHEBO4 140 April 1976
RHEBOS 62 May 1976
RHEBO#6 30 June 1976
RHEBO7 19 July 1976
RHEBOS 43 August 1976
RHERBO9 25 September 1976
RHEB10 91 October 1976
RHEB11 129 November 1976
RHEB12 102 December 1976
RHEB13 115 January 1977
RHEB14 126 February 1977
RHEB15 138 March 1977
RHEB16 126 April 1977
RHEB17 87 May, June 1977
RHEB18 46 July 1977
RHEB19 66 August 1977
RHEB20 79 September 1977
RHEB21 89 October 1877
RHEB22 131 November 1877
RHEBR23 135 December 1977
RHEB24 134 January, February 1978
RHEB25 132 March 1978
RHEB26 128 April 1978
RHEB27 140 May 1978
RIHEB28 41 June 1978
RHEB29 34 Octoler 1978
RHERBR30 101 November 1978
RHEB31 155 December, January 1978, 1979
RHEB32 91 April 1979
RHER33 124 May 1979
RHER34 94 June 1979
RHEB35 72 October 1979
RHEB36 117 November 1979
RHER37 87 December 1979

—
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List of missing reduced-data~tapes of Helios A

- to be supplied -




List of number of files per reduced-data~tape and the associa-

tion of the reel-number to the month from

launch (Helios A)

Table 13,2
Reel-number Files Month Year
RHEAO1 90 December 1974
RHEAQ2 142 January 1975
RHEAQ3 126 February 1975
RHEAQ4 140 March 1975
RHEAQS 84 April 1975
RHEAOQ6 10 May 1975
RHEAO? 64 June 1975
RHEAOS 108 July 1975
RHEAQ9 100 August 1975
RHEA10Q 112 September 1975
RHEA11 106 October 1975
RHEA12 102 November 1975
RHEA13 102 December 1975
RHEA14 70 January 1976
RHEA15 80 February 1976
RHEA16 122 March 1976
RHEA17 122 April 1976
RHEA18 114 May 1976
RHEA19 69 June 1976
REEA20 17 July 1976
RHEA21 5 August 1976
RHEA22 53 September 1976
RHEA23 126 October 1976
RHEA24 138 November 1976
RHEA25 135 December 1976
RHEA26 119 January 1977
RHEA27 113 February 1977
RHEA28 138 March 1977
RHEA29 123 April 1977
RAEA30 138 May 1977
RHEA31 135 June 1977
RHEA 32 52 July 1977
RHEA33 93 August 1877
RHEA34 118 September 1977
RHEM35 140 October 1977




= to be supplied -
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14. Plots of temperature, dark current, calibration lamps

- As example plots are presented for Helios B, February'
ﬁ 1976.
For the calibration lamps the ratio of measurement to
prediction (based on preflight measurements) is given.
E A refers to the brighter, B to the dimmer lamp. The

ratio of the two readings also is given. Stars denote
values outside limits,
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15. List of events
(Helios A ang Helios B,

in german)




de sl T

Stand: 1€¢.,10.1°280

Helios A Ereignistabelle

25.11.75 329 Erdniichster Punkt

v

l Tag Zeit Ereignis

) 10.12.74 344 8h11:00 Start = 0. Aphel

[f‘“j 11.12.74 345 22h10:41 E9 ein, erster EDF

-? 13.12.74 247 05h10 Step II abgeschlossen

14,12.74 348 | 22h09:00 ES aus, E7 Integrity Chec}

fé 23h19:17 E9 ein, erster EDF

l 16.12.74 349 0314 Lagekorrektur 6 = - 0.2°

£ 10. 2.75 041 0737 1. Lagemandver Beginn

l 15h27 1. Lagemandver Ende

\ 4, 3.75 063 7h43 2. Lagemandver Beginn

;Q Spin=-Up um 0.12 rpm

' 16h29 2. Lagemandver Ende

; 15. 3,75 074 9h12:15 1. Perihel

l 21, 3.75 080 7h08:00 3. Lagemandver Beginn

g 10h30 3. Lagemandver Ende

24, 3,75 083 18h Alle Experimente aus

;ﬁ (1. Regulator schalten)

25. 3.75 084 1ho1 E9 ein, erster EDF

g 11h36 E9 aus

i% 17h26 E9 ein, crster EDF

l 12. 4.75 102 7h30 4. Lagemandver Anfang

¥ 11h47:00 4. Lagemandver Ende
| 27.°4.75 117 18h00 “. Blackout Beginn

jif 15. ' 5.75 135 18h Blackout Ende

17. 6.75 168 1. Aphel

3 29. 8.75 241 22h00 2. Blackout Beginn

l 1. 9.75 244 6h 2. Blackout Ende

| 11. 9.75 254 Spin-Up um 0.12 rpm

y 18. 9.75 261 Spin-Up um 0.12 rpm

’ 21. 9,75 264 12h16 2. Perihel
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Tag Zeit Ereignis
25.12.75 359 14ho0 | 2. Aphel
17. 3.76 077 13h-14h 5. Lagemandver (Keppler)
29, 3.76 089 15h52 3. Perihel
6.4.76 097 Spin=Down/Spin-Up (Musmann
22..6.76" 174 044h10:46 Ausschalten durch Uberlast
/fr . (2. Regulator schalten)
29, 6.76 181 _ E9 an fiir 10h
2. ,.76 184 18h 3. Aphel
8. 7.7¢6 190 E9 an fiir 28h
13. 7.76 195 E3 an fiir 21h
20. 7.76 202 E9 an fiir 23h
27. 7.76 209 ES an fiir 23h
. 3. 8.76 216 ' E9 an fiir 44h
"16.°.8.76 229 21h10 E9 an
19. 9.76 263 06h40 : 3. Blackout Beginn
23. 9.76 267 21h05 3. Blackout Ende
1.11.76 306 16h49 M3 bleibt stehen in €3 bei -
3.10.76 279 19h07 4. Perihel
19.11.76 324 16ht5 M4 schaltet nicht von €2
' nach C3, bleibt stehen '
8.12.76 343 Versuch, Motoren wieder zu
starton
1.77 008 20h51 4. Aphel
4.77 93 17h16:19 Alle Experimente aus (3.
Regulator schalten)
3. 4.77 93 23h50 E9 wieder an
13. 4.77 103 22h31 5. Perihel
110 7.77 192 23h45 Alle Experimente aus (4.
: Regulator schalten)
18, 7.77 199 Oh25 5. Aphel - E9 auys |
T11.8.77 223 10h21:07 E9 wieder eingeschaltet
10.10.77 283 16h48 4. Blackout Beginn
12.10.77 285 23h27 4. Blackout Ende
21.10.77 294 2h20:30 6. Perihel
~2.1.78 002 2h47:09 5. Regulator schalten, E9 ar

Y




Tag Zeit Ereignis

8. 1.78 008 2h44 6. Regulator schalten
9. 1.78 009 21h35:50 7. Regulator schalten
1 10. 1.78 010 18h37:21 8. Regulator schalten
24, 1.78 024 4h16 6. Aphel
20.72.78 051 14h05 E9 wieder eingeschaltet
29, 4.78 119 6h13:30 7. Perihel
17. 6.78 168 20h25 M1 b%eibt stehen in Stellung
P
’/2217.78 183 21h40:00 E9 ausgeschaltet (Aphel)
s 12, 7.78 193 8h35:00 Heater group 1 ausgeschaltet
i/ (E2-E¥)
‘ 18, 7.78 198 Heater group 2 aus (E9, E10)
23. 7.78 204 1Th18 9. Regulatorschalten
2. 8.78 214 8h11 7. Aphel
17. 8.78 229 9h02 Heater group 1 an (E2, E3, E4)
. 2. 9.78 245 Heater group 2 an (E9, E10)
';37329.78 250 21h05 E9 wieder eingeschaltet
1 7. 9.78 250 22h50:25 10. Regulatorschalten (E9 aus)
T MM0.10.78 283 7h30:00 " E9 wieder eingeschaltet
27.10.78 20 9h00 : 5. Blackout Anfang
1.11.78 305 20h30 5. Blackout Ende
5.11.78 309 10h11 8. Perihel
11.11.78 315 . 16h48:25 11. Requlatorschalten (E9 aus)
12.11.78 316 4h30 E9 wicder cingeschaltet
24.11,78 358 11h30 Heater group 3 aus (Zentralteil)
3. 1.79 003 7h40 Heater group 1 aus (E2, E3, E4)
8. 1.7¢ 008 8h10 E9 -~usgeschaltet (Aphel)
'ﬂ16. 1.79 016 7h02 Heater group 2 aus (E9, E10)
B. 2.79 039 12h00 8. Aphel
9. 4.79 099 9h05 Alle Heizer ein
10. 4.79 100 9h40 E9 ein
M2 bleibt stchen in C2
ab 10. 4,79 100-125 Signal von Sensor 30° sinkt
auf "Null"
14, 5.79 134 12hda1 9, Perihel

2., 6,79 153 12h30 12. Regualtorschalten (19 aus)
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Tag Zeit Ereignis
2, 6,79 153 21h E9 wieder eingeschaltet
15, 6,79 166 15h50 Heizergruppe 3 aus (Zentralteil
8. 7.79 189 13h45 13. Regulatorschalten, E9 aus
23h10 E9 wieder ein
11. 7.79 192 7h00 Heater group 1 aus (E2,E3,E4)
A3..7.79° 194 OhOO E9 aus zum Aphel
18, 7.79 199 13h40 Heater group 2 aus (E9,E10)
17, 8,79 229 14h31 9. Aphel '
~16,10.79 289 Heizer ein
17.10.79 7 290 6h 45 E9 ein
20.11.79 324 16h25 10. Perihel
19.12.79 353 13h43 Helzergruppe 3 aus
10. 1.80 010 17h21 14, Regulator schalten
Heizergru?pe 1 aus
17.-1.80 017 2h09 15. Regulator schalten
, | Heizergruppe 2 aus, E9 aus
4. 2.80 035 12h17 16. Regulator schalten
9. 2.80 040 12h34 17. Regulator schalten
23, 2,80 054 19h51 10. Aphel
30. 4.80 121 12h48 Helzergruppe 2 an
2. 5.80 123 E9 an
28. 5.80 149 21h50 11. Perihel
12. 7.80 194 Heizergruppe 2 aus
E9 aus
31. 8.80 244 23h52 11. Aphel



Stand: 16.10.1980

Helios B Ereignistabelle

Tag Zeit ) Ereignis
15. 1.76 015 O5h34:00 Start = 0. Aphel
17. 1.76 017 O0h47:25 E9 ein, erster EDF
18. 1.76 018 21h54:27 EJ aus, E7 Integrity Check
19. 1.76 019 00hQ4:05 E9 ein, erster EDF
21, 1.76 021 01h33 AbschluB Lagemandver
20. 2.7¢ 051 13h30 1. Lagekorrektur
27, 2.76 058 14h12-14h37 2. Lagekorrektur
17. 4.76 108 2h29:00 1. Perihel |
A14.:5.76 135 11h40 1. Blackout Beginn
195,76 140 11h45 1. Blackout Ende
ol 7776 186 16h:00 2. Blackout Beginn
~16.77.76 198 8h:00 2. Blackout Ende
18. 7.76 200 22h 1. Aphel
4. 9.76 248 , TWT2 verloren
.20, 9.76 264 03ho7 3. Blackout Beginn
729, 9,76 273 23h59 3. Blackout Ende
19.10.76 293 19h08 2. Perihel
7. 1.77 7 3h36 CMD-Empféinger 1 verloren
20. 1,77 020 16h00 2. Aphel
23. 4.77 113 13h03 3. Perihel
17. 5.77 137 12h38-15h06 Storung Ubertragung durch
Aktivitit
29, 5.77 149 1. Blackout Beginn
229, 6.77 180 4. Blackout Endc
25, 7.77 206 10h49 3. Aphel
+4.10.77 277 22h20 5. Blackout Beginn
8.10,77 281 5. Blackout Endec
26.10.77 299 8h34:00 4. Perihel
112,77 341 7h30 Beginn Lagemandver
8.12.77 342 18h30 Ende LagemanSver

12.12.77 346 : 16h30 Gas ablassen bis auf 0.25 kg




Tag Zeit Ereignis
16. 1.78 016 7h47 Beginn Spin~Down wegen Leck
16771.78 016 7Th49:41 1. Regulatorschalten - E9 aus
'j 16. 1.78 016 9h29:30 Ende Spin-Down
4 27. 1.78 027 6h48 4. Aphel
éﬁ?l?gﬁZi?B 044 8h15 E9 wieder eingeschaltet
1. 3.78 060 Mit letztem Gas stabilen
: Punkt eingestellt
30. 4.78 120 5ho08 5. Perihel
876,78 159 6. Blackout Beginn
%31§T7{73 182 6. Blackout Ende
o 33,778 188 21h15 2. Regulatorschaliten - E9 aus
ff 15. 7.78 196 15h35:00 Heater group 2 aus (E9, E10)
T ae17. 7,78 198 14h00: 00 Heater group 1 aus (E2, E3, E4)
1. 8.78 213 3h36 5. Aphel
| 17. 8.78 229 2h50 Heater group 1 an (E2, E3, E4)
}% 28. 8.78 240 8h Heater group 2 an (E9, E10)
6,10078 279 12h30 E9 ein
© 9.10.78 282 7. Blackout Beginn
20.10.78 293 23h25 7. Blackout Ende
22,12,78 356 7h33 Heater group 3 aus (Zentralteil)
2.11.78 306 2h00 6. Perihel
2, 1.79 002 9hoO0 Heater group 1 aus (E2, E3, E4)
Lede 1,79 007 3h00 E9 aus (Aphel)
S0 1,79 011 7h33 Heater group 2 aus (E9, E10)
3. 2.79 034 1ThO0 6. Aphel
4. 4,79 094 8h58 Allec Heizer ein
6. 4.79 096 9h10 E9 ein
6. 5.79 126 22h44 7. Perihel
15. 6,79 166 Heizergruppe 3 aus (Zentralteil)
27, 6.79 178 18h12:26 3. Regulatorschalten, E9 aus
128, 6,79 179 8h35 E9 wicder eingeschaltet
30. 6.79 | 181 14hC0 Heizergruppe 1 aus (E2,E3,Ed)
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- ENDE DER MISSION -

Tag Zeit Ereignis
de 7079 182 16h00 E9 ausgeschaltet
3. 7.79 184 8h40 E9 wieder eingeschaltet
”5.‘7.79 186 9h30 E9 ausgeschaltet
;f'7. 7.79 188 8h25 Heizergruppe 2 aus {(E9,E10)
S 1. 8,79 219 21h08 7. Aphel |
T 28. 9,79 271 12h20:32 4. Regulatorschalten bei
S Heizer ein
-ﬁT&y4.10.79 277 20h50 E9 eingeschaltet
24,10,79 297 20h45:18 8. Blackout Beginn
27.10.79 300 1Th33:03 8. Blackout Ende
8.11.79 312 19h34 8. Perihel
um Tag 300 Sensor 30° verliert an
Empfindlichkeit, f411lt aus
18.12.79 352 12h30 Heizergruppe 3 aus
23.12.79 357 7h22 5. Regulatorschalten,
i ES ausgeschaltet
30.17.,79 364 4h50 6. Regulatorschalten
Heizergruppe 2 aus
1. 1.80 001 3ho0 lleizergruppe 1 aus
15. 1.80 015 6h44:28 7. Regulatorschalten
28. 1,80 028 6h11 8. Regulatorschalten
9. 2.80 040 18h56 8. Aphel (Start +1487 d)
8. 3.80 068 17045 9. chulators;halten

S/C-Emergency
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HELIOS-A
ZODIACAL LIGHT DATA ON TAPE

74-097A-11B
THIS DATA SET HAS BEEN RESTORED. THERE WERE ORIGINALLY 72
9-TRACK, 1600 BPI TAPES, WRITTEN IN BINARY. THERE ARE 14
RESTORED TAPES. THE DR TAPES ARE 3480 CARTRIDGES AND THE DS
TAPES ARE 9-TRACK, 6250 BPI. THE FOLLOWING TAPES D046403, D046405,
D046414 WERE NOT RESTORED BECAUSE THEY WERE BAD. ALL TAPES
WERE STACKED IN TIME SEQUENTIAL ORDER WITH THE EXCEPTION OF THE LAST
DR/DS TAPE. THE ORIGINAL TAPES WERE CREATED ON AN IBM 360 COMPUTER
AND WERE RESTORED ON THE MRS. THE DR AND DS NUMBERS ALONG

WITH THE CORRESPONDING D NUMBERS AND TIME SPANS ARE AS FOLLOWS:

DR# DS# DD# FILES TIME SPAN
DR0O05657 DS005657 D046365 1-91 12/11/74 - 12/31/74
D046366 92-234 01/01/75 01/31/75
D046367 235-361 02/01/75 02/28/75
DR0O05658 DS005658 D046368 1-141 03/01/75 - 03/31/75
D046369 142-226 04/01/75 - 04/29/75
D046370 227-237 05/05/75 - 05/29/75
D046371 238-302 06/02/75 07/02/15
D046372 303-411 07/03/75 08/01/75
DR0O05659 DS005659 D046373 1-101  08/01/75 08/30/75
D046374 102-214 09/01/75 09/30/75
D046375 215-321  10/01/75 10/31/75
D046376 322-424 11/01/75 - 03/31/76
DRO05660 DS005660 D046378 1-71 p1/01/76 - 01/31/76
D046379  72-162 01/31/76 02/28/76
D046380 163-285 03/01/76 04/01/76
DRO05661 DS005661 D046381 1-123 03/31/76 04/30/76
D046382 124-238  04/30/76 05/30/76
D046383 239-308 05/31/76 07/08/76
D046384 309-326 07/09/76 08/11/76
D046385 327-381 08/12/76 09/06/76
D046386 382-435 09/07/76 - 10/01/76
D046387 436-562 10/01/76 - 11/01/76
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DRO05662

DR0O05663

DROO5664

DRO05665

DR0O05666

DR0O0O5667

DRO0O5668

- DRO0566S

- e -

DS005662

DS005663

DS005664

DS005665

DS005666

DS005667

D8005668

DS005669

74-097A-11B

D046388
D046389
D046390

D046391
D046392
D046383
D046394

D046395
D046396
D046397
D046398

D046399
D046400
D046401
D046402

D046404
D046406
D046407
D046408
D046409

D046410
D046411
D046412
D046413
D046415
D046416
D046417

D046418%
D046420
D046421
D0O46422
D046423
D046424

DQ72668
D072669
D072670
D072671
D072672
D072673
D072674
D072675
D072676
D072677

1-138
139-274
275-394

1-114
115-253
254-377
378-516

1-135
136-188
185-282
283-401

1-113
114-267
268-402
403-444

1-126
127-256
257-319
320-413
414-551

1-39
40-131
132-264
265-384
385-437
438-538
539-658

1-130
131-265
266-317
318-394
395-469
470~-542

1-44

45-179
180-267
268-371
372-442
443-551
552-624
625-695
696-713
714-728

11/01/76
12/01/76
01/01/77

02/01/77
02/28/77
03/31/77
04/29/77

05/31/77
06/30/77
08/10/77
09/01/77

10/01/77
10/31/77
12/01/77
02/20/78

04/01/78
06/01/78
10/10/78
11/01/78
12/01/78

01/01/79
04/10/79
04/30/79
06/01/79
10/17/79
11/01/79%
12/01/79

05/03/80
06/03/80
07/03/80
11/08/80
12/04/80
12/31/80

05/22/81
05/31/81
06/30/81
11/27/81
01/01/82
06/01/82
06/30/82
06/23/83
02/01/84
07/18/84

12/01/76
12/31/76
01/31/77

02/28/77
03/31/77
04/29/77
05/31/77

06/30/77
07/11/77
08/31/717
09/30/77

10/31/77
12/01/77
01/01/78
02/28/78

04/30/78
07/02/78
11/01/78
11/30/78
12/31/78

01/08/79
04/29/79
05/31/79
06/30/79
11/01/79
11/30/79
12/31/7¢9

06/01/80
07/01/80
07/12/80
12/01/80
12/31/80
01/18/81

05/31/81
06/30/81
07/19/81
12/31/81
01/20/82
06/30/82
07/22/82
07/29/83
02/07/84
07/23/84




'74-08%7A-11B

DR0OO5670 D5005670 D072678 1-14 01/21/85 - 01/25/85
DQ72679 15-22 02/12/85 - 02/18/85
D046377 23-60 01/01/79 - 01/20/79
D046418 61-151 12/11/74 - 01/01/79
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DR# DE# D4 FILES TIME SPAN

DROZ203 DS03203 D45443 1-13% 11/30/77 - 01/01/78
043449 140-277 01/01/78 - 03/01/78

DROZ304 05033204 D45470 1-134 03/01/78 - 04/01/78
£45471 137-248 04/01/78 - 0S5/01/78

DROZZIZED DE03325 045472 1-144 0s/01/78 - 04/05/73
045473 145129 04/05/78 - 07/07/78

-DRO33Z4 DE03324 45474 1-33 10/06/73 - 10/29/78
043473 25-143 10/31/78 - 12/01/78

- DROZ3ZY DEQ3327 045474 1-13% 12/02/78 - M/0E/7F
i 045477 160-254 04/02/79 - 04/30/77
DROZ3Z8 DS03328 045478 . 1-128 p4/50/77 - B5/31/777
045477 128-224 05/31/7% - 072/05/77

ROZZZY Da033zy D45480 §-74 10/04/7% - 11701779
D43431 77-197 11/02/7% - 11730779

D454382 178-258 12/01/79 - 12/23/79
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Te Survey

This document describes the contents and the format of the
zodiacal-light~data-tape.

The zodiacal-light-data-tape contains zodiacal light, star-
light, light scattered by interplanetary plasma, polariza-
tion of zodiacal light and normalized zodiacal light values
for the measured sky areas, together with helioecliptic,
equatorial, ecliptic and galactic coordinates.

The zodiacal-light-data-tape also repeats the raw data (sky-
light measurements), copied from original data-tapes and the
reduced~data, as well as dark current,temperature, calibra-
tion lamps readings and orbit~attitude-information, copied
from reduced-data-tapes (see "Description of the reduced-
data tape”, available at NSSDC).

In detail the repeated data mean:

a) orbit-attitude-information. Some data, copied from the
orbit-attitude-blocks (OA-blocks) of reduced-data-tape
are given in the measurement cycle (MC) header block
(identification 2, see section 8)

b) temperature information. The average of all available

data in a measurement-cycle are given in MC header block
(identification 2) '

¢) dark current. Average given in MC header block (identifi-
cation)

d) calibration lamps. The MC header block (identification 2),
contains the ratios measured value/predicted value and
the ratios between measured values of two different ca-
libration lamps. The measured value means the averages
of corrected {non~linearity, dark current, temperature

effect) readings of the calibration lamps for medium
sector length.

e) raw-data (sky light measurements). The count rates were
copied from the original blocks.

f) reduced data means as measured by an ideal instrument
the intensities being corrected for non-linearity, dark
current, temperature effects and for nominal spin rate

T Hz (details see "Description of the reduced data tape",
available at NSSDC).

The separation of zodiacal light, starlight and light scat-
tered by plasma from the reduced data and the processing of

polarization and normlaization of zodiacal light will be
described in section 3.
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2. Short experiment description

2,1 Function and operation

The function and operation of the experiment are described
in the following copy of an article in"Raumfahrtforschung!

A more complete description has been given by C. Leinert,
E. Pitz, H, Link, and N. Salm: Das Zodiakallichtexperiment
E9 auf Heljos A und B (1978) BMFT-FB W78-28 (series of the
Bundesministerium filir Forschung und Technologie, Bonn, in
German). (Also available at NSSDC)

The calibration of the experiment is given in moderate de-
tail by C. Leinert, E. Pitz, H. Link and N, Salm: Calibra-
tion and in~flight-performance of the zodiacal light experi-
ment on Helios, J. Space Sci. Instr. 1981, in press.

Note: it is not recommended to use Helios data without care-
fully studying sections 2, 3 and 9 and without being
willing to resort to the "Description of the reduced-
data~-tape of the Helios zodiacal light experiment E9"
(also available at NSSDC), if necessary.
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The HELIOS Zoiacal Light Experiment (€ 9

C. LEINERT, H. LINK, E. PITZ, N, SALM, D. KNOPPELBERG,

Max-Planck-

Unterdrickung unerwiinschten Streulich

meter genannt, Es wird Pulsrihitechnik

18t der Sensoren wihrend der ersten 1

Institut tir Astronomie und Landessternwarte Heidelberg

Helios beschrieben. Es besteht aug
reiten ~15°, =30° und -90° {Std-

tion des Zodiakallichts wird in 3 Farbbereichen gemessen,
m entsprechen. Neben der Diskussion der MaBnahmen zur
werden die wesentlichsten optischen und
verwoendet und die Signalverarbeitung beschrieben. Die Stabiti-
X Tage der Mission wird diskutiert,

Experiment 8 of the German-Ametican solar
measure the zodiaca! light at eciiptical latitudes of ~15°, —=30° ang
8ity aud pulasization of zodiacal light is measured n three wavelength
national UBV-S.:'am, Maasures of stray light reduction are discussed
Meters are given, Pulse counting technigue is used and data handling

mechanischen Para-

probe Hellos is described. It consists of 3 photometers to
—90° (south pole of ecliptic). Inten-
bands corresponding to the inter-
and optica! and mechanical para-
within the experiment is described.

The stability of the sensors during the first 130 days of the mission is discussed,

1. SCIENTIFIC OBJECTIVES

ticles. The observed intensity is mainly related to the num-
ber, the observed colour 10 the size and the observed po-
larization 1o the material of tha particles. The Helios experi-
ment is measuring intensity, colour and polarization as g
function of Sun - Heflos distance for various angles with

respect to the sun. The main resulls to be expected from
these measurements are:

{1) spatial distribution of interplanetary dust within 1 Al

{2) detection of changes in the particte mixture of inter-
planetary dust, i present, and

(3} size and material of Ir'\terp!anetary dust particles,

These informations will allow a baetter interpretation of
existing earthbound observations of zodiacal light,

They also provide a basis for the discussion of the sour-
ces of interplanetary dust, which Is one of the main ques-
tions concerning interplanetary dust.

2. GROSS FEATURES OF THE EXPERIMENT

The experiment consists ot three photometers mounted
rigidly into the Spacecralt with arientations of about 15°,
30° and go° respectively south of the $pacecraft X-Y-plane
(see FIG. 1), and of one eiectronic box. The large bafflle
systems associated with the photometers are necessary
for stray light pretection. The total mass of the experiment
Is 8.93 kg. The maximum Power consumption is 9.6 W, in-

cluding a maximum heater power of 2.2 W for the thermal
control of the sensors.

3. OPTICAL SYSTEM

The radiation enters the photometer through an extended
stray light bafile, is collecled by the objective lens ang
imaged onto the field stop, which determines the field of
view on the sky. Behind the field stop, a field lens images
the objective tens onto the aperture slop. The zperture

centeal ]
COMpariment 1
t

L odapter

15%- sonsor solar arry

FIG. 1: Sectional view of the lower spacecraft part with the
positions of the zodiacal light pholometers

stop defines the collecting area of the objective lens, Close
behind the aperture stop is the photocathode of the photo-
multiplier. This design not only furnishes a homogeneous
ilumination of the photomultiplier cathode {by imaging
the objective lens onto the cathode), but alse images the
stray light diffracted or reflected 8t the mounting of the
objective lens outside the aperture stop. Sigilarly the
brightest stray light sources, the rims of the' bafile are
Imaged by the objective lens cutside tha field stop,

This is essentially a coronograph design and was chosen
to give good stray fight suppression. Since Helios is ex-
posed to full sunlight and since the sun is 10" to 10'? times
brighter than the zodiacal light, good suppression of stray
light is considered as one main problem of the experiment
and as a guidelina for the whole design. The suppression
of 104 o 10-'S that is needed 1o have only 1%, stray light
contribution to the signal is accomplished in three steps:

First Step:

The photometers are mounted in the shadow 2one of the
southern spacecralt cone and may only be illuminated by
the inner rim of the Spacecralt cone, which itse!t may be

exposed o direct sunlight,
Second Slep:

Stray iight suppression in the baffle system. The light falling
Into the openings of the baltle systems is caught in the first
baffle room (see FIG. 2). The baffle system is designed like

RAUMFAHRTFORSCHUNG Heit 511978
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FiG. 2: Principle of the oplical system and stray light sup-
pression

a trumpet, so that the stray light emerging from the first
baitle cannot hit the objective lens directly but only after
attenuation by muitiple reflections.

Third Step:

The coronograph like design of the optical system prevents
stray light falling directly onto the photocathode. To keep
the stray light level low, ro optical element is allowed
batween the abjective lens and field stop. Since the actual
stray light level strongly depends on the amount of dust
on the objective lens (it increeses by a factor of ten for
dusty optics and decreases by a factor of ten {or very clean
oplics), the objective lens was exchanged shortly before

TABLE |: OPTICAL PARAMETERS OF THE

PHOTOMETERS
15°. 30°- 90°-
sensor  Sensor  Sensor
Diameter of 30 8 a8

aperture {(mm)

Focal lenght of

obj. lens (mm) 150 200 200

Field of view 19x1° 20420 3¢
Foca! lenght of

fields lens {1:m) 55 55 55
cm? x square degree 1.07 408 7241

RAUMFAHRTFORSCHUNG Helt 511515

TABLE )i: DESCRIPTION OF FILTER WHEELS

Posi-

Filter wheel tion Function (Filter)

15%photometer
color

Dark and Calibration
Ultraviolet (UG2)
Blue {BG3 + GG 385)
Visual (GG 10)

»WN -

15%-photometer
polarization

Pol.tilm 0° {quartz)
Pol.film 90° (quartz)
Pol.film 45° {quartz)
Blank (quartz)

=N -

Dark and Calibration
Ultraviolet (UG2)

Blue (BG3 + GG 385)

Visual (GG 10)

Blue and pol.fitm 0°

(BG3+ GG 385)

Visua! and pot.film 0° (GG 10)
Visual and pol.film 90° (GG 10}
Visual and pol.tiim 452 (GG 10)

30°-photometer

®o~o; (LI 2 ]

Dark and Calibration

Ultraviolet and pol.film 0° (UG2)
Blue + polfim0®

{BG3I + GG 385)

4 Visual and pol film 0° (GG 10)

90°-photometer

W N =

faunch to get rid of the dust which had accumuiated during
the instrument and System tests. The mechanical design
aliows this exchange, with fully integrated photometer. The
lenses are made from fused quartz (Suprasif} to reduce
radiation damage and scintilation. TABLE 1 gives the basic
optical parameters for the three photometers.

The filter wheels are the only movabie parts of the exparl
menl. They are driven by permanent magnet stepper motors
with 1:16 gear reduction. The gear was introduced to im-
prove positioning and holding torque. The zero position
of the filter wheel is recorded by an opto-electronic device
in the gear housing. The filter wheels have four positions

o
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FIG. 3: Spectral bandpasses compared with the internatio-
nal UBV system
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{8 in the 30°-photometer). In one position the light path is
blocked and the light of an internal calibration lamp can be
directed onto the photo-multiplier by a smail folding mir-
ror mounted on the filter wheel. The other positions con-
tain the fillers which define the spectral bandpasses and
are Scholt glasses with relatively high radiation resistance
and low scintillation efficiency. The effective wavelength's
for ultraviolet, blue and visual are 3600 A, 4200 A and
5300 A respectively. Broad bandpasses (=~ % 500 A) were
selected to allow the use of telescopes with small aper.
ture. For polarization measurements, a polaroid film is used,
Polacoat Formuta 105 UV, which has a transmission of about
30 In natural light from 3000 A to 7000 A. The films are
deposited directly on the Schott glasses; in the 15%-photo-
meterthey are coaled on quartz disks (Suprasil) and mounted
in a separate filter wheel, leaving one position blank
(quartz). The content of the filter wheels is summarized in
TABLE It, and the spectral bandpasses are compared to
the international UBY System in FIiG. 3. FIG. 4 shows the
15%-photometer together with the central electronic box,

FIG. 4: 15°%photometer (mounted for component tests) to-
gether with the central electronle box. On the rear

end of the sensor the two filter wheel motors and
the analog elecironic can Le seen

4. SENSOR UNIT

4.1 Amplifier

The same sensor is used in ail three photometers: a head-
on photomuitiplier, type 541 N of EMR, which has been
used in various space experiments. Since the expected
dynamical range of the signal is less than § x 103, a pulse
counting technique is used for ease of data handling. The
single electron pulses at the anods of the photomuitiatiar
are amplified and all pulses exceeding a level of 0.5 mV
when measured across a resistor of 50 Q are shaped and
fed Into 2 two stage ripple counter, which delivars ervery
fourth pulse to the main electronics. The count rate is li-
mited o 11 MHz by a fixed recovery lime of the amplifier,
introducing a known unlinearity at high photomultiplier
pulse rates. For redundancy and to check the proper ope-
ration of the amplifiar the instantaneous anode current of
the photomultipiier is transmitted in an analog house-
keeping channe! (ratemeter) for each sensor.

4.2 High Voltage Converter

It pravides the high voltage supply for the photo-muitiplier
and the low voltage supply (+ 12V, ~-25V) for the amplitier,
As the H.-V. converter is located near the sensor only
very short cable connections are necessary. The high vol-
tage Is individually adjusted {== 2500 V} so that the photo-
mulliplier gives a current amplification of 2 x 10%. By com-

mand, the high voitage can be raised by 300 V to compen-
sate aging of the sensor. The converter is externally syn-
chronized by a 40 KHz pulse train,

5. MAIN ELECTRONIC BOX

In order to measure the angular distribution of the zodiacal
light brightniess, each revolution of the spacecraft - which
means, each scan in the 15¢ and 30°-photometer — is divi-
ded into 32 sectors of ditferent size. The 16 smallest sec-
tors (1/64 revolution} are centered to the sun directian, the
8 largest (1/16 revolution) on the antisolar point and the
gap is filied by 8 seclors of the size 1/32 revoiution (see
FiG. 5). The introduction of large sectors in the regions
where a smooth variation of zodiaca! light brightness is
expecled reduces the total number of sectors. Since during
the short time of passing one sector the brightness of the
zodiacal light cannot be determined with sufficient accu-
racy, the readings of 513 revolutions are combined for each
sector.

In the 90°-photometer, 8 sectors of equatl size are intro-
duced 1o alow polarization measurements. The integration
is carvied out over 126 revolutions. The technique used to
perform these integrations is shown in the block diagram
{FIG. 6). Let us assume that the 15°-photometer is meas-
uring and looking into the first sector. Then the output pul-
ses of the 15° photometer sensor unit are going through
the Input switch into the counter A wich gives a 27 bit semi-
logarithmical representation - tour bit exponent, 23 bit
mantissa ~ of the accumulated puise number. As scon as the
photometer field of view crosses the boundary to the se-
cond sector, the 18 most significant bits of the counter
are transferred into the memory A, the nine least signilicant
bits are dropped and 'he counter is ready & accept the

FIG. 5. Secloring of the photometer scans on the sky
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FIG.&: Block diagram of the digltal electronics
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pulses of sector two. For redundancy, however, the pulses
of sector two and all even sectors are handled in the iden-
tical counter B and memory B, while all odd sectors go into
counter A, The result of any sector is kept in the memory
for one revolution 3f the spacecrafl and used as initial value
for the counting ! pulses during the feollowing revolution,
being replaced afller that by the new value, etc. until the
integration over 513 revolulions is complete. Then the 12
most significant bits for each sector are read out into a bui-
fer and com’sined with 3¢ identification bits which describe
the status of the experiment. Memory and counter are set
to zero, the filter wheel is switched to the next position and
a new measurement may begin.

The buffar is read out into the telemetry in a rhythm deter-
mined by the momentaneous bit rate and format used for
data transmission to the Earth. The data of the 30°-photo-
meter are handled in the same way. For the 90°-photo-
meter, the results of four subsequent measurements are
combined in the memory before read-out. Thus the experi-
ment produces science data (as opposed 1o housekeeping}
at a constant rate of 36 + 32x 12 = 420 bit per 516 revo~
lutions. The lacking time from 513 revolutions respectively
4 x 128 revolutions {integration times) to 516 revolutions is
needed to switch the filter wheel(s).

The electronics uses TTL fow power circults. The special
counter-memory arrangement has been chosen to give low
power consumption, within the limits of this technology.
The buffer is made of C-MOS - parts for power reduction, It
may be bypassed by command if it fails. In that case the
memery is read out directly into the telemetry.

After each cycle of measurements the distribution of the
sectors with respect to the counters A and B is reversed.
This makes a failure of either part A or B of the electronics
less harmiul, but has the effect of changing the chronologi-
cal order of the sectors in the bitstream.

A logic control unit regulates the proper sectoring and
sequencing of the measurement. It controls the motor swil-
¢hing, the calibration ltamps and the switching of the H-V-
converters. It synchronizes the sectoring to the see-sun-
direction and regulates tha data transfer,

6. CYCLE OF MEASUREMENT

The normal mode of operation consists of continuous re-
petition of the cycle of measurement. The three photo-
meters are operated in sequence 10 sava power, After
switch-on of the 15%-photometer a test measurement is per-
formed during which a pulse train of known frequency Is
fed into the data handling electronics to check the digital
operations. After the dark current and internal calibration
measurements the first color fiker is moved into the light
path for intensity and polarization measurements. The po-
larization is measured by the method of 3 polaroid setlings,
with one measurement for each polaroid orientation,
the polaroids being exchanged by moving tha second filter
wheel between the measurements. These measurements
are repeated for the second and third colour and {oliowed
by a repatition of the dark current and calibration measure-
ments, giving a total of 20 measurements in the 15°-photo-
meter. Each single measurement gives 32 results, one for
each of the 32 sectors. in the 30°-photometer 12 measure-
menls are performed beginning and ending with dark cur.
rent and calibration measurements and using again the
method ol 3 polaroid setlings for the polarization measure-
ments. No test measurement is included because the digi-
1al operations are the same as with the 15%-photometer,

Since the 90°-photometer is mounted paralle! to the spin
axis, the polaroids which stay in fixed position relative to
the photometer are rotated by the spin of the spacecraft,
Using the method of rolating polaroid, intensity and pola-
rization information for a given color can be obtained in one
measurement. Each color is measured three times. Together
with lest, dark current and calibration measurements, 16
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measurements are performed in the 90°-photometer which
are combined to 4 read outs.

The time needed for one complete cycle of measurements
is (20 + 12 + 4) x 516 revolutions = 5.2 hours. About 40%,
of this time are used for test, calibration and dark current
measurements.

iIf the data transmission for this experiment, falls to less
than 420 bil/516 revolutions, a new measurement may be
completed before the buffer is completely read into the tele-
metry. In that case, the cycle of measurements is stopped
and the next measurement is started only after the butfer
has been read out and then refilled with the data of the
compleled measurement. This mechanism prevenis data
loss {rom overwriting in the buffer or the memory but may
enlarge the time needed for one cycle of measurements by -
& factor two or three for very low bit rates.

7. FLIGHT PERFORMANCE

7.1 Stability

As mentioned in section 3, the stability of the sensor sen-
sitivity can be checked by the signal of an internal cafibra-
tion lamp. FIG. 7 shows for exampla the signal of the cali-
bration famp of the 30°-photometer during the first 130 days
of the mission. The change of signal is strongly correfated
1o the variation of the temperature of the sensor which is
shown in the fower pant of the figure. The two small circles
show the expected signal according to ground testing.
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FIG.7: Signal of Internal calibration lamp and temperature
versus lime atter launch

7.2 Stray Light

The amount of stray light expected in the data is depen-
dent on the amount of direct sunlight entering the southern
spacecraft cone. If the spacecraft is tilted with its spin axis
toward the sun line no suntight can enter the cone and no stray
light contribution in the data is expected. However il the
spin axis is tilted away from the sun line, the southern rim
of the solar array is llluminated by direct sunlight and the
antisolar zodiacal light data of the 15%photometer may be
contaminated by stray light. To prove the stray light contri-
bution, two changes of the spacecraft atlitude have been
performed during the primary mission {one near Earth and
one near perihelion) to have both “stray light conditions”
during short time spans. The data with and without sunlight
in the southern cone show no significant dilference which
can not be explained by the different star background. We
conclude from this, without having reduced the data com-
pletely that the stray light contribution in the data is at
least smaller than 10% and the stray light suppression of
the photometers works perfectly.
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2.2 Telemetry formats

The identification of a particular type of measurement of

a science block is achieved by the ID-Word, bits 1,2,3 and
4-8 (see Table 2.1).

Table 2.1: Identification of type of measurements for science
data blocks (word 1 = 11) on the zodiacal-light-

data tape

ID-Word
Bits 1,2,3 4-8 Meaning

101 4 UV through polarizing film 0° o
101 5 UV through polarizing film 90
101 6 9, UV through polarizing film 45°
101 7 ~ UV through quartz disk
101 8 yw Blue through polarizing film 0°
101 9 9 Blue through polarizing film 900
101 10 & Blue through polarizing film 45
101 11 @ Blue through quartz disk .
101 12 - Visual through polarizing film 0° o
101 13 Visual through polarizing film 90o
101 14 Visual through polarizing film 45
101 - 15 Visual through quartz disk
110 7 23 uv
110 8 » Blue
110 9 y Visual o
110 10 © Blue through polarizing film O o
110 " 11 £ Visual through polarizing f£film O o
110 12 3 vVisual through polarizing film 90
110 13 Visual through pelarizing film 45

e}
100 29 Q UV or blue or visual
100 30 UV or blue or visual
100 3N 8 UV or blue or visual

g

0

0

In addition, the zodiacal-light-data tape contains blocks
with polarization data (word 1 = 13). These have the ID-

word corresponding to polarizing film orientation 90°, for
example 101 5 or 110 12, :
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3. Describtion of the zodiacal light data-processing

In order to allow a critical use of the scientific data of
the zodiacal light data tape the zodiacal light-data-proces~
sing is presented here, (Actually we also summarize all the

numerical factors necessary for repeating or redoin: our
work.)

The evaluation follows the subsequent scheme:

Calibrated data from reduced-data-tape (in S10 units)
= contribution from bright stars

=~ contribution of star background

~ contribution by interplanetary plasma

zodiacal light intensity (through color filter or through
color filter plus polarizing fiim).

This, of coﬁrse, requires the calculation of coordinates.

From measurements through polarizing films we derive polari-
zed intensity, degree and angle of polarization of zodiacal
light. For comparison the same quantities also are given

for zodiacal light plus electron scattered light.

For plotting and more general use intensities are also given
in normalized form (reduced to nominal conditions).

1 510 unit = equivalent number of V = 10.0 mag solar type
stars per square degree, with solar values of
V = -26.73 mag, (B-V) = 0.63, (U-B) = 0.15
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3.1 Calculation of coordinates for sector centers

Spacecraft attitude is given by the two angles Sigma and
Theta (see Figure 1).

Various quantities describing the geometry of the experi-
ment are summarized in Table 3.1

Table 3.1 Geometry of the experiment

HELIOS A HELIOS B

PMT 15° PMT 30° pMT 15° PMT 30°

h 16.2 31.3 16.23 31.02

DAZ 0.49 0.50 0.0 -0.43

FOV 0.975 3.93 0.975 3.94
D21, 0.4955 0.99 0.4945 0.9935
INR 0.452 0.9525 0.453 0.9515
OUTR 0.532 1.0325 0.533 1.0315

D2B 0.63 1.13 0.63 1.13

h elevation below the spacecraft X-y-plane

DAZ lag of photometer azimuth behind nominal value
Fov field of view size in square degrees

D2L half-width of FOV in azimuth (in degrees)

INR half-width of FOV in elevation, minus 0.04°
OUTR half-width of FOV in elevation, plus 0.04° o
D2B additional boundary farther out, = OUTR +0.1

Photometer 90° has its FOV in the-z~axis, at least in the
average over one rotation.

The position of the field of views on the sky, as given
by the known spin axis orientation and the mounting of
the experiment into the spacecraft, was checked by bright
stars drifting across the boundaries. After the resulting
small (0.01 ~ 0.19) corrections in photometer elevation

to the values of Table 3.1 the position in general appear
to be accurate to better than 0.1°,




\J .

Ay

h-3

- 3.3 - l
HELIOS PROJECT . L , Blott |
Zxp. Data & Command Original R page
® Handling Reqmts. March 1971 T1/2 -33~

Definition

Reference system centered at CG of s/c
¥ and n axis in the orbit plane [ perpendicular to each other)
n axis pointing to the sun
§axis perpendicular to the orbit plane

Ft -axis (= North ecliptic pole)

+Z -axis (% spin axis)
\ {s/c - figure axis)

FiG. 4

Definition of Attitude Coordinate System '

CG ! Center of Gravity

0 @ Solar Aspect Angle { angle between +z- and +1)-axis )

. Pitch Angle {angle between orbit pfane and -plane +z /+7)-axes)
. Angle between +z- axis and orbit plane v

: Spin Angle {angle about +z~-oxis measured by See Sun Pulse)

9 O
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3.1.1 Helioecliptic coordinates e, L

From record (identification 2) we have sigma (6), Theta (9),
from record (identification 11) we have Asun (Ag).
AHelios (A,

from table 3.1 we have the photometer elevation (h), and
the deviation of azimuth (DAZ),

from section 2.1 (page 2.4) we have the arrangement of sec-
tors with respect to the sun, the sizes of sectors are given
to 5.625° (short sectors), 11.25° (medium sectors) and 22.50°
(long sectors), so we can determine the sector azimuth (@)

@1 = 2.81°+ paz (¢ for sector 1)
8, = 8.43° + DAZ
@, = 14.06° + DAZ
By = 50.62° + DAZ

61.87° + DAZ

Biq = 101.25" + DAZ
9’14 = 123.75° + DAZ

and so on.

€,1 are given to equinox 1975.0

e——

0° < ¢ « 180°

€, = oS (~Smih + w56 + wshsi, 6 S Ga)  med,...32

k,= 180"~ asiu (—- 72 @y G A) =132
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3.1.2 Ecliptic coordinates

ﬁ, A\ are given to equinox 1975.0
Pn = asin (S 6, Pu,) no=1...32

~90° < pn 2 t90
An~dg = Qcsg (_“_‘?.:‘...E.z)

—

aH/‘n
i Wsl, >0, Au=de = 360~ (Au-d o)
Aw = Ag+ (A= Ao) . 0e Au e300

!

For photometer 90°: .
Ao, == astiy (S8 6 P §) ~90° & fop € +30

dg = (ag-de)tde
5 6

{QECAa‘A@)='TEﬂE;
S ( Q2= Ag) = S:;‘g’fs o 0 £ Ag, € 3060°

3.1.3 Equatorial coordinates

d.,J\ are given to equinox 1950.0
- « oo
@_ = Q.SM(GHLMA,LMP. +J~Cu/,._ u%e)
~90< & < +%0°
e< L3446 (o&&qwi? of ecliphc )

(\ = (\ 0-3‘1’-‘%.{
Q%\ﬂﬁu —_ (Mﬁp‘t C(%(\n
ws d,.
S/I:,L d"’h = ws/)g,sm c\n. (He - SM*Lﬁm Sflfu,e
w-s/Q%

0 o 2 360°




3.1.4 Galactic coordinates

o, = 190°, 625, cfo = 27°, 725

Bo= asin (gin dy it 6, 4 s I 356, t5s (¢~ ,)

=9%° < T < +90°
55 0T = 85 Ou S (X —«,)

— ws 4T
Swq 2T = 005 do s i~ i Botas b b5 (1 —d,)
s 4.5,
0 < !iJ.’-. < 360°
A = 77%s5
B = 109%95
c = 124866
5 = ashe (S5 45 e s b G (05 A) g C)
6 LI o
=W 2 4b 2 +9
I —
£, = (% -3)+3

I _
Q%‘(.QI B) - CO'S ‘e"h CZ;SI(-E

< (JZI__b) _ S by $mC +c&s@f$ﬁ¢(-¢2£-A)wsC
e Ws 4T

o< LT £ 360°
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3.2 Separation of the various intensity-components

All intensities are given in S10-units.

3.2.1 Bright stars

Bright stars given in the Bright star catalogue (Hoffleit,
1964) and in the Naval Observatory Photoelectric catalogue
(Blanco et al. 1968) were limited to the magnitude VvV = 6.50,
B=7.13, v = 7,28, corresponding to a solar type spectrum.
The chosen magnitude limits correspond to the level at
which the catalogues are nearly compiete and they fit the
magnitude limits used in star background works. Stars with
magnitudes equal or less than the above given limits were
individually subtracted. Stars fulfilling the criterion
only in one or two of the wavelengths bands were neverthe-
less subtracted in all colours.

The star brightness in S10-units, corresponding to the in-
strumental system are given to

I =10, 94000-m o cpu) xc

For the colour eQuation £(B~V) see table 3.2.

C transforms to solar spectrum: C = 1,79 for Ip
C 2.05 for IU
C 1.00 for Iv




Table 3.2: Cclour equation for Helios sensors

Sensor Factor Range in(B-V)

Helios A, Sensor 15° U: 1.0 +0.138!(B-V)°'—0.126:(G-VJ < 1.15

1+((B~V)=-1.15) x 0.66 = 1.15

B: 0.795+(1.43-(B-V))} x 0,255 £ 1.43

0.795+(1.43-(B-V)) x 0.06 Z 1.43

V: 0.975+(0.83-(B-V)) x 0.138 < 0.83

0.975+(0.83-(B-V)) x 0,02 Z 0.83

sensor 30° u: 0.985+({BX20-813250.05 < 2.0

~ B: 0.7314(1.52-(B-V))} x 0.27 £ 1.52

0.731+(1.52=-(B~V)} x 0.09 > 1.52

v: 0.967+(0.85-(B=V)) x 0.143 < 0.85

Sensor 90° U: 1.0+(0.63~(B-V)) x 0.055 < 2.0

B: 0.685+(1.55-(B=V)) =x 0.343 £ 1.55

0.685+(1.55=-{B-V)) x 0.12 2 1.55

V: 0.95+{0.84~(B-V)) x 0.233 < 0.84

0.95+(0.84-(B~V)) x 0.157 2 0.84

Helios B, Sensor 15° U: 1.0 < 0.77

1.0+(0.77-(B-V)) x -0.057 2 0.77

B: 1,04{0.53~(B~V)) X 0.297 £ 2.0

V: 1.0+4(0.63-(B-V)) x 0.244 < 0.63

1.0+(0.63-(B-V)) X 0.195 =2 0.63

Sensor 30° U: 1.0+(0.63-(B-V)) X 0.048 < 2.0

B: 1.0+(0.63-(B-V)) X 0.293 £ 2.0

V: 1.0+(0.63-(B=v)) x 0.237 £ 0.63

1.0+4(0.63-(B=-V})) x 0.155 & 0.63

Sensor 90° U: 0,99+ (-(-B;X-)-%g-'-é)z x 0,04 < 1.16

1.0+(1.16-(B-V)) x (-1,28) 2= 1.16

B: 1.0+(0.63-(B-V)) x  0.25 £ 1.16

0.865 Z 1.16

V: 1.0+(0.63-(B-V)) X 0.11 £ 0.75

0.985 7z 0.75
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A further factor relates the instantaneous FOV to the sec~
tor.

2 x DIL

Factor 1 n X 5.625 x FOV X cos h

(compare Figure 2 and Table 3,1)

n = 1 for short sector
n =2 for medium sector
n = 4 for long sector

]

Figure 2: Contribution of star at sector boundary between
sectors n and n+l1 to sector n (Helios B).

_ 4 _AB -1NR
Factor 2= 1 m

considers the location of the star between inside and out-
side margins of the sector.
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:'?igFor very bright stars, 1ocated near the sector edge the inten--"

- 3.10 -

f\ STAR— Amin '
2xDL

","_Factor'3_'

considers the location of the star in the FOV. in the transi-'nr n
tion regicn between two neighbouring sectors..-- : L

"So we have the total signal I . of a. single bright star".,infy

efi;totc' I x Factor 1 X Factor 2 x Factor 3

-sity I, can't be determined precisely. For that case. there _]f
“llsa- n&gice for user' (see section 8) L e
’In detail this means";,'

-’"IF (f°r sector n) By o < 3.50 (PMT 159) and4-<(b2i3_+0.1):

-‘a*is put in the corresponding word (seesectionB 2 2 words
_513 544) . : .

a +:is put in the corresponding word (see secﬂrnla 2 2, word
; 545-576). : e

Ifa bright’star'is in the transition region between two sec.p ,
ltors, the warnings only are: ‘given:in one of them. : o

In the field of view of the 90 -photometer £rom Helios B there “
are no stars brighter ‘than the magnitude-limits V 6 50, S
B = 7 13 U = 7 28 ‘

- Table 3 3 is a printout of the star catalogue we’ used -1 b
‘covers -the: latitude bands ~16.2 +.2.5°,-31,2 +3.2°,:416.1 £ 2.5°
o +31.1.+ 3, 2°, which is. sufficient except for the few days on
_';which attitude maneuvers occured (see section 9).:
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" 3.2.2 Background starlight

.. For'galactic latitudes |bll|<¢ 20° UBV-brightnesses of the -

. milky way were derived from Helios~data (see Leinert and

- Richter, Astron. Astrophys,, in press). For medium galactic
latitudes Classens (1976) Blue Photometry of the Milky Way

<. Was used, the required values for U and V were derived from _

.~ ~blue Values by the colours B-v = 0.70, U=B = 0.23, correspon-

'FVFLQdi99at9:Hattila'$'(‘93°’ milky way model, - = -

" For’galactic latitudes IBIII>-509'tHéfaverages of star counts
. from Roach and Megill (1961) and Sharov and Lipaeva  (1973)

,::;weréiused,,thesu;and V. values were derived in. the same way as

*] _Meanwhi1e_we;prefer to use here Mattila's predicted colours,
- too. The factor is 52.0

- mentioned above. Table 3.4 shows the UBV ‘intensities of star-.
.. light background given for A and three ecliptic latitude bands
for-the photometer -31°, -16°, +160, +310, (A detail: at o
‘lbl<200~the‘relative;intensities-essentially.are-from Classen,
. -being normalizea by the absolute values of the Helios measure-
- ments.)} The starbackground was interpolated from table 3.4 ..
- forreach seqtor;,thereby?theumedium‘and?long sectors were di- "
.Vided. in segments of 5.625 de rees, so wefhave‘64;shqrtjsec-i“_
‘tors, If the sector latitude ;iStoutsidefofﬁthejthreejlat :
g Fﬁéibﬂndsr%a3WarningfisngiVenfinithe}aPPrOPriafeﬂW°rd*(*ﬁ _
seuﬁsectiontB;Z;Z;QWOtd83449+480);}Duriﬂgganforbit;bfﬁHelios
theiintensityioffStarbabkgroundght{northfeqliptideole;was
‘pging{bygaboutz1+2&S1OAWithgafcOnsEanthradient?ﬁSotthe*
starbackground inLtheﬁfieIdVoffviewfbf;theg909jph0tometerj
after calculation of ecliptical'doordinates;is;given_byj{ 

neseeer,
Bi; 52,0 ;o ‘ | .(S1Q)
v (62‘7)f-I°

-
||

i

o = 1.0 + 0.0265 .(0}882--(90.0-ﬁ)'¢¢sx +O;471-_(90-076)' 5ihA)'

The factor in parantheses“isﬁéfhistoriééi-1ﬁteré§£fbniﬁ;?ai
{though it was used to create the-zodiacal-light-datartapes;

_ X 1.067 = 55.5 in V;,whilegitwdbeggnotu_
have to be changed in u. Lo T s T e

i
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_' 33.2}3fLigH£‘séét£e£éd'by intérplahetaiy'piasma

| ‘Théxééaiteriﬁénby7£hé?éleétrbhs;of the interplanetary plasma
'-;-wasjcglgulated;fromnthe;spatial*distribution”5 .__ ‘ s

S ing =10 x (1 ALu. )22 oemTd (1) .
_--_;]which}Edenhofer;etﬁal; (1976) derived from an analysis of the -
"*”Q;HeliOSftelemetrnyignals.bThis represents . a. large scale aver-. - -
" age in]thefecliptic_during_the-minimum'of solar cycle 1975/76,
-'theftimeainterval&to-whichimost of our data refer, A gradual
,;fdecreasejof;plasmé*density.outside'thefsolar.equat _
L a s ' € assumption of ‘constant flux from
heliographic' latitude ) L '

veiesniee e

‘(cgs-units)’

.1k;wherg;1kis;thezSCatféfihgkéﬁéle‘énd ﬁheféﬁséribts féfer:E6
__*f;scatte;ingfof;the‘incoming;unpOlarized light perpendicular
-lqandfparallel;to“the'scatteringfplane., B P R

- For measurements with ‘polarizing film the effect of this film
-_:“_hasitolbe;takgnVinto:account._ ‘ T.“Y-”";: ;,H: _.  'f ff;”--..-v”

'fFifsfﬂ&é c§i§ﬁ1a£eﬁwﬂé£;tﬁeLdifécﬁionxcff§biarization_of elec-' P
1#r0nj$cqtteredglight§(perpendicular;to_the,scattering Plane)-
,is;injtheﬂspa¢e¢:aftifram?-? ”waf*“;”cf’“jyﬁﬁ;ngg;:*,-3J'

~ REPHI (sector n) = 4 asin’ (sin6 sin (1 -8)/sin (80° +h))

. The 1is 'v;-;u.id_l'f'c'n:""g-n'> 90°, ‘the - for » 90°
L= 9084; /RE‘PHI"-'='+§O‘_D.,:1 éoun'terclc;ckwise_ on the sky, .
Ji;%.90lﬁfor&di;ect;Qn_Parallelktpjsp;n aXiS'f}n' N

‘ffgﬁthé?ésgﬁribﬁiiéﬁiQf.éiéétfbn ééétﬁéred'light
”“j?zingffilm&at;anglegf_with polarizing_abilipy{
RISy + T (el g cos 2 (P -remu (sector n))

: through'a'pblati-ﬂ]i?7
g then is Lo

|



For photometer . 90°;. ations with the. above
-assumptions. (1),..(2), )

. -Lons;: (1 . Pted:-a contribution:
«interplanetary plasms £ kv e T T
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. 3.2.4'20diaca1711ght: o

Finally the zodiacai.lightjié'given,by subtraction of star-
light and scattered light by plasma from reduced data..:. . "
Tuble 3.5 summarizes isophote wavelengths, effective wave-
length for solar spectrum and equivalent power per 1 510
for‘the,experimentelchannels. f1{  £5aFf(-€n? fff “a7 .

Table 3.5 Wévélénéfﬁéfdhd“éénsiﬁiViEiéSﬁéfiékﬁérihént"¢hahhé19ff s

LT gai g g i
Pygotam  Aggglom 10T e T s Dper S10 ¢

362 0364 L j',:ﬁ o 0.639
a22 v a8 710290
..” 544_: 4’;;|J 540 ’ _:5 i"iﬁf.__y:'.'13221“f' .

v 3607 oo 03630 o Sou o 0.644 0
j3” 4187ffffﬂ ?~424]f_: "‘fj. W ff'gff1.017¢“:f S
i RS L e e 230 e
C0.645 i
21,002
1,251
1,0233f5 IR
o ta249 0
o 0.643 i
S TR (0T A
'*f;'_ﬂ@248'.§éf“
! R o P 1) IR
1.0117

U
B
v
U
B
\
U
B
-0
g

\

U

B

v

U

B

\'

Helios A zodiacal light data tapes contain no data’ of photo-
meter 90°: the evaluation  is more difficult because of the
prox%mity’onthe Large Magellanic Cloud and"a wobble of .
0.35" (one antenna did not extend):; we preferred not to
~computerize it. The measured values are on the reduced-data=
tape; o %') S N C _ s T :ﬂ?:z LA ]




T Je 2™

3.3'?rocessing of”polarization data

This was the only tough task in the Helios data evalua-_ ; t"*
.tion, and some manipulation was necessary before the
:.data appeared credible to us. There is no problem with
'photometer 90 . which, by the spacecraft spin, is rota= : ;.i
| f;ted once per second about its optical axis. Insﬂertion
" of a polarizing foil leads to a modulation of transmit-{ -
_fc.ted intensity with twice the spin frequency, from which

'7.]the polarization is extracted by the standard method of __f:

” measuring in eight545 intervals.

eters polarization is being determinedtgf7

onsecutive” measurements through three polarizing

JO v 45 and 90 with respect to the

~fsapcecraft equatorial plane. For each sector we thus | o

Table 3.6: Properties of polarizing films =

'Polariiing ability | '.Orientation in spacecraft
B 5 . system .
9% 990 95 Yo k‘fgo - fas ‘
-16° U 0.831 0.832 0.813 -2.08 90#08 134010 s
B 0.824 0.827 0.831 | S -
V 0.964 0.980 o©0.970 " |
- - 31 v 0.967 0.991 0.979 1.7 84.8 - 44.4
+16° U 0.905 0.925 0.861  1.09 92.50 136.82
B 0.956 0.972 0.916 L
| vV 0.972 0.993 0.966 . " .
+319 v 0.967 0.991 ©0.991 0.4 88.8 44,3
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| obtain measured signals in 510 units, So, S45 and S90, S
3 from each of which the contributions of stellar back-
ground and interplanetary plasma are subtracted. For :

the latter correction which con ists of 1ight polarized -
by typically 60% perpendicular to the scattering plane ;
. we have to take care of the actual orientation p and
‘polarizing abilitﬁ@éf each individual polarizing foil
.Values for q were 0. 81-0 92 in U, 0 75-0 97 in B, 5 |

0 96-0 99 in V.‘The resulting corrected signals S

s ' S 'rare related to the Stokes parameters I |
45 950 Zl,_

. Q l' UZl Of;the ZOdiacal light by the equations Luuiﬁ‘k
s =1 f Q. : cos.z. . sin 2‘f
e Z ol % Yo 21 qc - |
?4_5_..'- 21 + Q 21 q45 cos 2 ‘f45+ uZl q45 sin 2 ?45 @

e
___’S_so._"-._Izl ° 21 q9o cos 2 790* U21 qgo sin 2 790

where ? 45, f90 give the actual orientation of the

polarizing foils with respect to the spacecraft equa-‘
torial plane as measured on ground The equations were
solved for the Stokes parameters to give the degree of

polarization

2 2

Q + U : _ _ o .

‘p= _ﬂ.I__.Z_l.; R - (5)
| B 71

and angle'of-polarization

e=%atan"“(—="'-l)ﬁ 7Y




# )

S ground corr

of the zodiacal light. By simple spherical geometry e&e

is transformed into an angle relative to the scattering

plane (see section 3,2, 3) (S and S90 are corrected:to"
-heliocentric distance R of 84c L '

).
Two unexpected difficulties appeared- i'

First we noticed that even in perihelion, where back-

ons are small, the calculated polariza—

ff"tion showedfseveral_unwanted features (see Figure 3):

'fi'o' rization deviated by about 5

?E'from the expected direction normal to the scattering

R plane. This effect was not symmetric with respect to

61 The polarization near the antisolar direction still

::fwas up to several percent.. ¢5 |

d) Bright stars showed polarizations of 2 -3%,

'Instrumental scattered 1ight and star background were

7.

excluded as source of thetrouble Tests on the spare

unit did not show such a malfunction..Since the effects

_ were repeatable from orbit to orbit we decided it ‘was
: _an instrumental effect, some parameters being different '

fin flight with respect to the laboratory calibration.'

'f'From equations (4) we found that the only parameters on

which the result-depended-strongly were the relative ca-

-




o libration of the signals S _ 845, 590‘ Accordingly,

for: each photometer and each colour we varied the re=
lative calibration of S s/S and S O/S independently ,,
in steps of o 5% and calculated the polarization of zo-"~
diacal light in perihelion, including the contribution

of interplanetary plasma. We then determined,_for each ;"
point of the resnlting grid, the average deviation of
the direction of polarization fiom the nominal value

. perpendicular to the scattering plane, for the eight

| sectors east and west of the sun which are at less than,

| 50 elongation. We Judged that'this quantity, S

G

w0uld be 1east affected by uncertainties in star baok-

.g__ground or three dimensional distriLution of interplane—

tary dust._We adopted that change in relative calibra-
tion which minimized the deviation D.‘For the case shown
' in Figure 3 this was a 2% change in the relative calibra-
tion S 5/80, retaining the relative calibration SQO/S
' Now the directions of polarization showed an offset of
‘10

+ (counter clockwine on the sky) Since this effect

appeared in all photometers and colours considered here,
we took it for real and corrected fcr it. Instrumental
reasons for this, although small, effect coulo be an o

error in our test equipment or, more probably,_a change ﬂ
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‘Fig.3:

Effect of the correction in relative transmission of

" glven by the direction of the bar, perpendicular orien-'

_tation corresponding to the nominal direction perpendi-

‘tive calibration 345/5 was changed by a factor of 0.98.

the polarization folls in Helios 2, photometer 15° V. .
Data are from day 108/1976, measured in perihelion S
(R~0 29 A U ). Polarization for each sector is given

by a bar (—-— east, === west of the sun), the length

of which gives the oegree of polarization._The direction

of polarization with respect to the scattering plane is

cular to the scattering plane. In this case the rela-
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from the idle positiOn during tests on ground to the
rapid. spinning in flight. Finally the following improve-
‘ments were achieved (numbers in a,b,c referring to Figure
. . . |

if a) The direction of polarization for 3450 could nearly
-‘be for ced into nominal direction, with D = 0.4° in-
stead of D 3. 7 . But also for other sectors and for
:observations at other heliocentric distances no syste-_
,matic deviation remained. ' :

:The difference in. degree of polarization east and westfﬁ

f?'of the sun effectively disappeared, changing from ;ﬂ,
‘0 037 to 0 002 in perihelion, being reduced below
0 01 also in aphelion.-””- ‘

The degree of polarization near the antisolar direction

'was reduced from 2.6% to 0.4% in perihelion and simi-

1arly in aphelion.

_The polarization in the signal of bright stars decrea-

sed from 2-3% tox 0 5%.

_As should be expected, the polarization data now were

. e)
'smoothest in V and showed the largest scatter in U,

_This general behaviour increased our. confidence that we

data into an arbitrary mould The corrections necessary
in the relative calibrations of the polarizing foils in
the average were 1,3% with a maximum of 3.0% in the ratio

‘i

:
l '_ ' ~ were correcting for a real effect and not forcing the
I 390/50 in_U of photometer 16° of.Helios B.. |
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The above procedure is'not as arbitrary as might appear

at a first glance;.The transmission of one"of the polari-

o zing foils in photometer 16 is being checked by a moni-
toring lamp. It showed a decrease by 2% with respect to
‘ground-based operation. In addition, the average trans—
'mission of the three polarization foils in one photometer
can be determined by comparing the zodiacal light inten-
sities observed through a naked colour filter with that

resulting from equations (4) The measurements with po—

f'z-larization foil were lower by 2% in V, 6% in B, 9% in >

’”'p;u orfphotometerﬁfe of_Helios 2 and by a somewhat smal':

Ef:er amount for Helios 1._We blame slight differences in

“f-ithe degradation of the polarizing foils and slight errors-

in the laboratory calibration of their relative transmis-
-~ sion for the corrections discussed above. To summarize.
:we calculated polarizations from equations (4) only
after two corrections to the signals So' 845, 890' a
‘correction to the relative calibration as discussed
-above and a correction to the absolute calibration of
eall three polarizing foils taking care of the observed

decrease in transmission.

Thehsecond.unexpected difficulty was the large scatter
‘.in the degree of polarization observed in photometer
16° in aphelion at large angular distances from the sun.
In these cases the zodiacal light-signal in U with pOf

larizing foil may be as low as 450 counts per second
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then gave rise. to spurious(ﬁobéervéd“ pblafizétions of

'up tb‘10-265.}Averégiﬁéﬁfhé;Stdkes”Pafametefs_of 5-10 _

: where meaningful polarizatibns.coﬁld.bé“derived also .

S 3.22 -

~at the photomultiplier, only slight by higher.than the

dark count rate, and about twice this value in B and V.
The,scatter in‘thefdark'currentgjwhich in flight increa-

ééd‘tdﬁébdﬁt_jb}fimés the valﬁefekpected from statistics,

subsequéﬁt‘measurementéffeducéd}ﬁﬁiﬁ?ﬂéiéé to a level

for;thé“iégétflﬁﬁihoﬁé!ééfts'of*Sﬁr]sﬁ;ips;bnﬁfhé sky.

'(ség:seétiéh”14;) ::“'

Table 3.7 summarizes the adopted chahge'in:rélative'calibra-

tion and orientation of the polarizing films (see table 3.6).

-Table"3;7:.Ado§téd change in'properties.of'pblarizing £ilms

g Multiply 510 by factor - Changeﬂ?' for all
Film 900 Film 45°:  three filmby =
°  0.99 4025 f-
0.98 0.995 -

0.998 ~ 1.008 . -

1.00 . :0.98 -

1,015 10005 -

- 16

S Y
o000

o]

- 31°
+16°

cCOo0O0

O - O ==
-

cno'OOt.n

+ 31°

¢ <wae < <wa.
o]

Note that'abpiication 6f these factors also changes the ab-
solute intensity. This change does not appear in the data.
Tt is absorbed in the correction for decreased transmission,

—
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3.4 Normalization of zodiacal light to the plane of sym=-
metry of interplanetary dust and to 1 AU,

Table 3.8 gives a survey about the parameter of the orbits

of Helios 1 and Helios 2.

° Helios 1 h‘y-“::Helios 2
Perihel o - 0.310AE - 0.290 AE
a ¢ " 0.647RE  0.637 AE
e - 0.522 | 0.554
i | 0.016° ~  0.019°
_ Linge des Aphels . 77.8° 113.9°
startdatem  10.12.74 . 15.1.76

_Periode 1%0.1 4 . 185.7d

_Even if'the'zodiacal light‘were'perfectly‘constant'in
_time the Helios photometers would notice a temporal

::change for the following reasons._ ..5‘

a) the intensity strongly depends.on the heliocentric
rdistance of Helios, the increase towards the sun
being I(R)¥R 2. 3 |
b) Because of the tilt of the plane of symmetry of in--
terplanetary dust with respect to the ecliptic‘
‘(i 3. 0 Il 87 ’ Leinert et al., 1980) there is
fan asymmetry between observations east and west of
the sun which varies along the orbit of Helios ap-
| proximately proportional to cos (:lHelios Ji)yﬂ-'

(See Leinert et al., 1980, Figures 4 and 5.}, The

size of this effect, up to +7%, was determined indi-
vidually for each sector from Helios 2 observations,
when the Spacecraft was in the node. It was assumed '

that the effect had the same size for Helios 1 This

effect only applies to sensors 159 and 30?




It is taken into account by ‘the factor

| R R K 4L(=-PH‘|’45‘ ?HT30)
For sectors 17 to 32 AS(k, 33-n) _=*-Asu<,n) e
Numerical values of the constants are- as follows.-7

DATA((AS(K.N) N 1,16) ? 1 2)/0 007,0, 024 O 035 O n44,0, 050,

¥ 0.056,0,061,0,065,0,068,0, 06,0, 064 0. OSH O 047 0, 034 0. 0271,

. _+.0.004,0,005,0,013,0; 019,0,025,0,028,0, 034,0 038,0. 043.0.048.

+_-.,o 052 o 056"0"0‘4'6‘,'0‘.53"6‘62? 0.015,0, 004/

'c):The motion of Helios with the respect to the ‘plane of

_symmetry still leads to a modulation of the average
of observations east and west of the sun, now appro-
'faximately proportional to sin (‘lHelios 41) (Dumont
: and Levasseur—Regourd, 1978) From Helios this cannot v
_'be observed directly, but inferred from the difference'é
= between observations on- the ingoing and outgoing o

branch of the orbit, which is approximately proportio—d

nal to srn (H'Helios f-laphelion)' From these two

'modulations the second, observable one is smaller by

a factor cos (L - Aaphelion

geometric relation of the angles involved The ob—-

Y}, as follows from the

served variation for Helios 2 was +6% in sensor 15 ,‘.g B
'+8 5% in sensor 30°.'For sensor 90 the modulation -

of 43, 8%01( )was ‘taken from Dumcnt and Levasseur—-.i'
Regourd (1978). It was assumed that the effect had .

'the ‘same size for Helios 1, except for the correc-

.jtion for the different longitude of aphelion._
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| To‘summarize,'this factor'is o

BAHNEF = 1 + L'Bc/cos (.n. A aphelion)_'l . sin(fl Hel -n. )+ FHEL

FHEL = 1 for Helios B, -1 for Helios ‘A

BC = 0, 06, 0 085 for photometers 15 ’ 30 ._

- d) Any change in spin axis orientation moves the field_“
'of view on. the sky,changing the observed zodiacal

light intensity. A rotation of the spin axis around '

the sun-Helios-line leads to an asymmetry in obser--

e R bt
B A |
e e e

nvations east and west of the sun. Since the effect

of the 3° tilt of the plane of symmetry is known,

-'h“‘

B B
- e I U Sy S . ¥

any such rotation of - the spin axis also can be cor-“"

e

e e

rected for._For a tilt of the sPin axis towards or o

-_away from the sun we read the correction factor bet—y_.'”

l_ween the intensity in the actual field of view and

that expected for nominal spin axis orientation from'

the “table given by Dumont and Sanchez (1976). For Eé

30° this factor was. determined by model calculations.

Similarly as in b% the deviation of gpin-axis angle 8 from
nominal value (90" for Helios A, 270 for Helios B) is ta-
ken into account by _

SPACHS = AS (k n)* Ae / 3 O

Quant*tatively the correction for deviation of spin axis
angle G from nominal value 90° reads o

SIGEFF = 1 =~ CSIG (k,n)tao‘ n=1...16 '
K= 4,0 (2PMT S PHT&o)
For sector 17 to 32 CSIG (k, 33—n) CSIG(n),_ SR

'with the following numerical valueS'

DATA((CSIG(K WY NET,16),KST,2V70,125,0, 114, o 095, n 079,0, 066-:'._.
t 0.055,0,046,0,038,0,026,0,019,0,011,0, 004,-0 003,=0, 011, !

+ =0,01e0,=0,014,0, 003 0. 731 0.058,0, 054 0.048,0,043,0,034, :
+ 0, 033,0.026,0,017,0,009,0, 0uS,-0,001,~0,007, ~0,012,=0,016/ - I

- - - Ei - St - R - s -";" :*-'
- o ighn A SRR L -

|
1
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Applying corrections b-d to our data, we obtain intensities
as they would be observed by an observer in the plane of sym-
metry at a latitude of IAl = 16.2°, 31.0° or 90° with respect

to that plane. Scaling to a heliocentric distance of 1 A.U.
is done with a factor R+2.3,

In formulae, the“observed intenéity is normalized to'1 A.U.
in the plane of symmetry, nominal spin axis position by

I orm = I* R>*3/ BAHNEF - SIGEFF - (RELIAS + SPACHS)

For photometer 90° the case is much simpler according toc
Dumont and Levasseur-Regourd (1978). -

L ) . 2.3.. R . .
Iyorm = 1+ B%"7/[1 + 0.0382¢1 (%) ¢ sin (A, , ~a)]
The - correction. to nomihal spin axis orientation is not ap- .

plied on the tape. It would amount to
Factor 90 = (£/90)  '+125

‘or typically +0.7% for Helios B,

Also we give 90°-intensities transformed to the average bet-
ween inbound and outbound parts of the orbit:

=I.R%*3/(1 + 0.1 sin Q@

Ipetween Hel” A Aphelion *

Inorm and Ibetween'Of photometer 90° refer to the adopted
calibration. (See "Description of the reduced data tape ...",
available at NSSDC). - ' S

The possibility for confusions is enlarged by the fact that
we also calculated corrected intensities I (see section
8.2.3), applying the correction for decreaged'transmission
of polarizing films as determined from sensor 16° of Helios
B (see section 3.3)., We also calculate "normalized" and
"between" intensities from these corrected intensities,




4 Labelli;g

'The reel-number contains'

For example. ZHEBOS

. "f‘4.1 -_.

The reel-number of a zodiacal-light-data-tape informs the
user about the contents:of the. zodiacal-light—data tape..
,:.-Ymbols' N ’ .

_1,éﬁkﬁrl_ﬁfThe first symbol'isfalways the letter "z" as an

: *{Qidentification-for a zodiacal-liqht—data-tape

2.f4.}_5'* These letters;are“always one of the two combina-‘

‘tions "HEA" or :"HEB" were: A" means Helios A -

5.-6.. _ hmeans the month from launch of the data -

means-'f zodiacal-light-data—tape, containing data of
: " . Helios B from the fifth month from 1aunch
©.(=May 1976) - 8
(see also chap..13)“.

(or Helios 1) and "B" means Helios B (or Helios -

{3

.. i e e -. - & et C
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5. Contents and tape structure

Normally a zodiacal-light—data-tape cohtains the measurement~
cycles (MC) of one month.

_The.various recofds (single measugeménts'for the various fil-

- ter combination) of photometer 15% and 30°,_to be contained

in one MC are contained in one file.;:__ .

The first record of each MC-file is always the MC~header-re-
cord ‘(see Figure 4), the number of sequenced records is at
most 23, so the MC~file may be containing between 1 and 24
records. R S e _ .

All records of'tﬁe'QOo-phdfdmetér'CGntained in the N MC's
of one month, are summarized - separately for the colours UV,

3 :-Tﬁeﬁiﬂgéé'§0°-Filés ddn'£?é6htai%JMé?héaderérecords.'Every
';,'QQegFile,containSga:maximum;of,BNgrecords..(Each colour is

woad

=iﬁgmea u:edﬂthree,times, see,descriptiongofﬂreduced-data-tape,‘

igure; 4.)

l¥1£gh£¥d&£5;£apé'ddﬁtdiné thé

_,_;:NQMtheaderrrecords-bf;the;NiMCFs;;theyfare copies of the
| *;{Mc;hgade:frecords]ofﬁeach;MCffile.h!5:gaf**” RERREE.

The first file of thé“EodiééaiQlighf?da£a4tape‘is7£he tape~
header-file,.containing always two records: (see Figure 4),

~ The first record is the tape-header~record (see Figure 4),

the second record contains a list of_all:records_representing

‘polarization-data. (see Figure 4). -

So we have in this sequence:"l_f_
The tape-header-file -
N ‘MC-files :

the Qog'File inu.
the 90 File in B

"~ |the 90? FilejinPVf“ o

(The ihree 90°-Files afe“missing'on tépes‘for Helios A)

The MC-header-File ..

All records of all files contaihw706 words, o
The end of every-file is marked by a EOF-mark, the end of

‘the tape is marked.with additional three EOF—marks.:-

For better un&erstahdihg see Figure 4: Structuté of zodiacal-
light-data~tape. ' '

E
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6. Word structure

The records of the zodiacal-light-data-tape are written on
the tape in a binary DEC-mode. After all records of one
file have been written, an EOF-mark was written. After the
last file has been written three additional EOF are writ-
ten to mark the end of the content of the tape. L

The'added ptogram'shows how the tape wés‘ﬁritteh;'_ _
Additidnal to the prdgram we added'a cbpy'of the héfdwaré-

reference-manual,’ describing the representation of integer
and floating point numbers. - ' . P :
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: NUMBER SYSTEM
A program can mterpret a data word as a 36-digit, unsigned binary number. or the left and nght

 halves of a word can be taken as separate 18-bit numbers. The PDP-10 repertory includes instruc-

tions that add or subtract one from both halves of a word, so the right half can be used for address
modification when the word is addrcsscd as an mdcx rchstcr whtle thc Iefl half is uscd to keep a

The ﬁxed-pomt imthmetlc mstructlons use. 2 5 complcment rcprescntatlons to do bmary arith-
mcm: In a word used as a number, bit 0 (the leftmost bit) represents the sign, 0 for positive, 1 for

negative. In a positive number the remaining 35 bits are the magnitude in ordinary binary notation. .
The negative of a number is obtained by taking its 2's complement. If x is an n-digit binary number,

“its 2's complement is 27 ~ x, and its I’s complement is (27 - 1) - x, or equivalently (2" - x) - 1.

Subtracting a:number from 2" =1 (i.e., from all 1s) is equivalent to performing the logical com-

plement, i.¢,, changing all Os to 1s and all 1s to Os. Therefore, to form the 2’s complement one takes
~ the Iogncal complement (usually referred to merely as the complcmcnt) of the entire word including
the sign, and adds 1 to the result. In a negative numbcr the sngn blt is 1, and thc remammg bits are
thc 2's complcment ol‘ the magmtude :

-

+153y = +23|, -IQOO 000 000 000 000 000 000 000 000 010 011 OOIJ
=153y = -23!, =TIt i 1ol 100 411

oo _ 3

MR.0196

A 2's complement addition actually dcts as though the words rcpr'éscnted 36-bit ﬁnsigncd num-

bers, i.c., the signs are treated just like magnitude bits. In the absence of a carry into the sign stage,
. adding two numbers with the same sign produces aplus. mgn in the result, The presence of a carry |
gives a positive answer when the summands have different signs. The- result has a-minus sign when

there 1s a carry into lhc s1gn bit and the summands have thc same s:gn or thc summands have
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d:fferenl signs and there is no carry. Thus the program can interpret the numbers processed in fixed”
point addition and subtraction as signed numbers with 35 magmtude bits or as uns:gned 36-bit num-

bers. A computation on signed numbers produces a result that is correct as an unsigned 36-bit num-

ber even if overflow occurs, but the hardware interprets the result as a signed number to detect

overflow, Adding two positive numbers whose sum is greater than or equal to 2 gives a negative

result, indicating overflow; but that result, which has a 1 in the sign bit, is the correct answer inter-

preted as a 36-bit unsigned number in positive form. Similarly adding two ncganves grves a result

which is always correct as an unsigned number in negative form.

Zero is represented by a word contammg all 0s. Complementmg this number produces ail Is, and
adding 1 to that produces all Os again. Hence there is only one zero representation and its sign is
positive. Since the numbers are symmetr:cal in magnitude about a single zero representation, all even
numbers both positive and negative end in 0, all odd numbers ih 1 (a number ali Is represents - =1).
But since there are the same number of numbers with each sign and zero has a plus sign, there is one
more negative number than there are posmve numbers (nonzero numbers with a plus sign). This is.
the most negatwe number and it cannot be produced by negating any positive number (its octal rep-
resentation is 400000 000000 and its magnitude is one greater than the largest positive number). .

- If 1’s complements were used for negatives one could read a negative number by altachmg srgmﬁ-

cance to the Os instead of the 1s. In 2's complement notation cach negative number is one greater |

than the complement of the positive number of the same magnitude, so one can read a negative
‘number by attaching significance to the rightmost ! and attaching significance to the Os at the left of
it (the negative number of largest magnitude has a 1 in only the sign position). In a negative integer,
Is may be discarded at the left, just as leading Os may be dropped in a positive integer. In a negative
fraction, Os may be discarded at the right. So long as only Os are discarded, the number remains in
2's complement form because it still has a | that possesses significance; but if a portion including the
rightmost | is discarded, the remaining part of the fraction is now a 1's complement. Single precision
multiplication produces a double length product, and:the programmer must remember that dis-
carding the low order part of a double length negative leaves the hlgh order part in correct 2's com-
plement form only if the low order part is zero.

The computer does not keep track of a binary point - the programmer must adopt a pomt conven-
tion and shift the magnitude of the result to conform to the convention used. Two common conven-
tions are to rcgard a number as an integer (binary point at the right) or as a proper {raction (binary
point at the left); in these two cases the range of numbers represented by a single word is =2 to
2% -] or -1 to | - 2°%, Since multiplication and division make use of double length numbcrs, lhere
are special instructions for performing these operatlons with integral operands. -

The format for double length fixed pomt numbers is just an extension of the single length format
The magnitude (or its twos complement) is the 70-bit string in bits 1-35 of the high and low order
words. Bit 0 of the high order word is the sign, and bit 0 of the low order word is made equal to the
sign. The range for double length integers and proper fractions is thus -2 to 2 ~ | and -1 to -
I - 27, The double precision instructions actually use quadruple length numbers for products and
dividends. But numbers of any length arc just a further extension of the basic format: thirty-five
additional bits of the number in cach lower order word, and bit 0 made cqual to the sign. Remember
that truncating a multiple length negative requires an adjustment for the 2°s complement unless the
part discarded is zero. The convention for bit 0 of lower order words is inconsistent with that used
for floating point format [see below]. This does not affect the arithmetic instructions themselves, as
they ignore bit 0 in all lower order words. However instructions that negate a doubleword use the
floating point convention. This means. that if such instructions are used for fixed point numbers.
problem could arise whcn comparing one double precision number wuth anothcr
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- 9-35 are now interpreted only as a binary fraction,

——————

Floating Point Numbers. The floating point instructions provide for conversion between fixed and
Mloating forms and handle both single and double precision floating point numbers, The same format
is used for a single precision number and the high order word of a doub!
ing point instruction interprets bit 0 as the sign,
cxponent and a 27-bit fraction. For a positive number the sign is 0, as before, But the contents of bits

integral exponent in excess 128 (200;) code. Exponents from -128 to +127 are therefore represented

» @ negative by the 2's
2's complement of (he fraction, but since
number is zero [see below), it has the 1's
Xponent is'in excess 128 code, an actual
8, in a negative number by 127 ~ x. The

every fraction must ordinarily contain a 1 unless the entire
complement of the exponent code in bits i-8. Since the ¢
‘€xponent x is represented in a positive number by x + 12
Programmer, however, need not be concerned  with  thes
pensates automatically. For exa_Mp[e, for the instruction th
prets the integral - scale factor in standard 2’ comple
complement result for the exponent. S

at scales the exponent, the hardware inter-
ment form but produces the correct 1%

+153,, = +231, = +.462, X 28 _"#' 010001000IOO110010000000000000000000 |
o , : N T

as

=183 = =%l = -4e2,x2 =

= HOL 110 1111011 0O} 110000 000 000 000 000 000
01 ETHE e . 38
. ' ' MR-0197

Single precision floating point numbers have a fractional range in magnitude of 1/2 to 1-2"2, In.
creasing the length of a number to two words does not significantly change the range but rather
increases the precision; in any format the magnitude range of the fraction is 1/210 | decreased by the
value of the least significant bit, In all formats the exponent range is 128 to +127. :

The precaution about truncation_givcn_for fixed
floating point operations-as they are done in extr
rounding, which automatically restores the high ord

_point mukiplication applies to single precision
a length; but the the programmer may request

€ precision number. A float-
but interprets the rest of the word as an 8-bit

and the contents of bits |-8 are interpreted as an

€ representations as the hardware com.

-~

T T e
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appropriate adjustment for a 2's complement negative. In double precision format the high order
word is the same as a single precision number, and bits 1~35 of the low order word are simply an
extension of the fraction, which is now sixty-two bits, Bit 0 of the low order word is made 0 in a

- result but is ignored in all operands; e.g., the number 217 + 2% has this two-word representation in
double precision format, S : _ -

'[0[10 010 011{100 000 000 000 000 000 000 000.000] |
0 . 8_9. S e R ¥ -

~+ [0Po 060000 010 000 000 000 600 00 530 300 90
Coo ey . o _ s

MR-0198

and its negative is

- I

CLIOLTOOOI T T 1Tt L by nner it i

o1 - .-8y T L s -

ol 11t 111 ‘l10000000000000000000000000 -
o1 S o _ : s

. MR.0199
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0
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CUHNTI:.R 5 N :
gKC',ACChhS-‘:'SFQIN ,HODE. 'ASCII','

' MBERS UF‘ BLGII‘.NI‘A(, Aw FND !-!-‘ F'ILFS
3] 1 ADRESS -
lu UN FIL E()g I(70R)  — — T R
T ) Ve o L {1:_5--._ } i
L,
CF

=23,D&VI
L

t AT-FILL il I4-FURMAT -
2). LN, Ten -

[ 4% ]

oS ]

~
hxk

__OPEN(UNIT=17, DEVICESHTA, ACCES: ='SEOUUT' , MUDE= 'BINARY ",
LI utﬂbltx- xouu 2 s TR — .

'“-nu 200" LL IANF IFHD
- NN-LL\

Loy ' e ' o
KE& .S"SFQIN ,anna-'atunnr'

-—“;_-T_ﬂ"
1..vrunuArt2x,'riLa ,IAIO, © OPERED').

7 D0 20T Rkl i, 706
201 ‘I{ K1)=0

LR T0-C0RE

<
: -7fngbnbE (uwx i
- *zﬂ'ﬂRIfE(IHRI' AR
—.—-a-—_—\rmﬁua,.y . ,
] "EEE"E?E;-.;“?’T"' i
) 2oo-m CONTINUE™, .
: — ”D" ffEPITﬁ':; '.(‘n”a-‘ i SRS R
10 FORMAT(2X,'N ; ;ac hLUCKu nn 1APE ',16)
. ARITECIWRITE, 12 --. R
T2 P ORMAT( 2S¢ + —— — —
o GDCTO I e T e Rt
—_—3 YRITE(IWRITE,4)! L0, 1019), 10200 r(21). 1(23) -
4 - FORMAT(2X, "PARLY UR IN nanv:: FROh FILE}‘,I 10,
{ *“%*'Q‘fSC _ ‘12"' )12} . - mq PR
——————5TaRLRARETY L RRUR -
C SET. ADDITYONAL 3 EOF'S TO MARK Eun UF ZHPIALAL-LIGHT-.
C . DATA=TAPE. .~ . 7. "
11 U I AT
END FILE 17
END RYLE 17
SRITE (IWRITE, 97
9 FURMAT(ZX&'EN‘ UF PROGRAM')
——————CLUSELNHE= 17 RRVICES T A)
- . ¥iiﬁtwwwt??wvfwwﬁw&w“wwwa . : s
C ’HBRUUf!uP MAMEFT (R - -

C_---------------n------—---ﬁ-ntm.-ﬂ--;---ﬂ----.----la-.&---b.mhﬂﬂ---
SUBROUTINE NAFLFI (l'h‘l; [FIL, 1t' ILLnJ
" DUUBLE I’P!'.C.lolllh AIFTL
PLMENS 10N 2

lll(f h | e

20 FURdAP(ZK 2Ab,IQ) (R

S IF (ING,6T,99) GO TO a0
B 1Pk l.ll'?i.(!l.‘J‘bU LAY RS |

g EN UDE.(10,30,1FIL)IPIKESIIJ LN, LFILES(2)
30 FURMAT (ASST1'24)

W 1} .£3a20)IFII.INN —
—84 E—++0T4074$4h4{+4bb k+r+hNT$kIhFQGQ‘
40 MAT (A4 12,h4)
C TE (3,20)°°
i P4 .- S

80 2C0 E(IO'IB,IFIL)JFILE~(1) 1NN, LFILES(2)
C X TP’ 20, 110, Thin
¢ WRITE (3, 20) IFLL THN

13 FORMAT (A3,13,24)
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7. Type of Tapé'_ | | |
: The'data‘are written on a 9'trackrtape in DEC~mode, using
@ FORTRAN-programm, . -~ b0 T PECTI

A detailed description of the taps you can £ind in the ad-
- ded copy of the hardware reference manual, - -




The recording technique used
is NRZI (nonreturn to zero,
inverting). Ina given frame (ie

character position)achangein

the ditection of magnetization

- in any track represents 2 fin

the character bit correspond-
ing to that track. Thus if the

same bit is O in a string of
(\characters there is no change
in the track corresponding to _

that bit; but for a string of ls,
the flux direction changes in
- every frame,
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| the centrat processor {§S. l]

STANDARD MAGNETIC. r)\rs I_mro_ 3 -
PART I
STANDARD “f\GNETIC TAPE

A system for handhng industry-standard magnetic tape consists of a TMIO
control and up to eight tape transports: each unit in the system occupies a

- separate cabinet, - DEC supplies several types of transports that differ in tape
“ speed and tape’ handlmg characteristics. ‘Each type is available in two ver-

' sions, for recording :nt'ormat:on in seven tracks and nine tracks. Thusdata.
" transfer rates and timing depend on the transport but each transport supplies

mt‘ormatron .to the control such that. transports of drt’ferent speeds and

': 3 recordmg formats’ Lan be. operated bv.a smgte control.: Transports currently -
~ available: move tape at: speeds of 45; 75 and’ tSO inches per second. Every -

tr:msport accommodates two tO‘/--tnch reels ( one for supply one for takeup)

- and can record information in three densities: 200, 556 and 800 bytes per
'inch {bpi). - A full reel has. 2400 I'eet of hall-inch tape and at 800 bpi can )
' store over 135 million brts ot' data m the 7 track format or over 180 rml!lon ‘

. brts in the 9-track: fomtat ; o ; :

.. The program commumcates with: the tape P

ply reel at high speed requires only initiation by the control.. The rewinding

: transport then proceeds automattcally wtule the controi can Operate another o

transport : . _ B R . :
- Data transfers between tape and control are governed entrrely by the con-

' trol .Transfers between a TM10A control and memory are handled by the
. program over the 10 bus, whereas the TM10B control i is connected to a data

.-‘

channel for automatic transt'er of data to and t'rom memory thus bypassmg

v 66 TAPE FOR\IAT

The control wntes characters contarnrng seven or nine btts of mformatlon

-one bit.is wntten in each track. Every character is part of a data record or a )
file:mark.:: A data record contains hoth data characters and error-checkmg
: characters Every data character consists of a data byte and a lateral. parity

bit, which the control generates so that the number of Isi in the character is

| odd or even as specified by the program. The data bytes ina record taken to-

gether correspond to a block of words sent from mcmory to the-control. To

scparate adjacent records the control automatically erases a segment of tape '

" between- them: this segmcnt is callcd a “record gap". The control always
' stops the tape ina gap ~

rol wtuch in tum governs 4
atl tape transports but commumcates wrth only onie_transport at a.time.
',Readmg and wrmng (record:ng) can. occur only when tape is movmg forward - ;
: (t‘rom svpply reel to takeup reet) but the control can space the tape (ie move -
it to- a new posmon) in erther dtrecuon Atthough onty one transport can be o
readtng. writing or spacmg at a time. rewmdmg the entire tape onto the sup-

B - BN - R . .

S R L R . N i W - E—

G

: S 7. - ek _ R
—1 TN R I s



[ P

o TA'E FORMAT

Full words are transl'errcd between memory :md control even though the o
‘tape characters may contain 6-bit or 8-bit. data bytes.. To write, the control .
divides the words into data bytes, and when readmg. the control reassembles .
the bytes into words. There are several ways in which this is done. For7- .
track format, the program can select any density, and the control writes each -
word as six characters, each containing a 6-bit. data byte. After the control -

writes the last data character l'or a record it wntes three blank frames (zero

FIRSY SECOND - TR L TOURTH | VIR ] skt
$6 12 atas . 23 2930 KL

: L PTRACK |'|v1 E nrsrmmnrldu’ _‘ T
. e . ) B .

- zon mumurst U

?.

TRACK RECORD romm

. characters) followed _by. a longitudinal parity check chamcter {LPCC).- The . o
.~ three blank frarnes constrtute the end of record gap (EOR), which is used by

the control to detect the end of record “The EOR is used in writing as well as

readmg smce ‘the tape encounters the write head first, ‘and the control detects . _
; ever, thing shortly after wntmg it. The LPCC (which may be zero) produces -

even parity in each of the tracks along the length ol‘ the record The rnmr-
" 'mum record gap is .75 mch g , e

When the cortrol reads or wntes a data record rt checlts that the (lateral) |
l p:mty of every data character agrees with the parity specrﬁed by the program -

* and checks that every tnclt has even (!ongrtudmal) panity..

- The 9-track format is used for recordlng data compat:ble “wrth systems"
' based on 8-bit bytes The program must select a densrty of 800 bpi, and the .
control writes bits 0-31of each word in four characters, i tgnonng bits 32-35

altogether. The bits from left to right in each 8-bit byte are written in tracks
' 0-7. After wntmg the last data character, the control writes an EOR gap, a

cycltc redundancy character (CRC), three more blank frames, and an LPCC.

The control generates the CRC as’ described in §6-of USAS X3.22-1967,
l USA Standard, Recorded Magnetic Tape for Infonrratlon Interchange (800
CPI, NRZI).. Taking the CRC bits as numbered in that docurnent and the
track scheme defined above ‘CRC bit | corresponds to the panty track and
bits 2—9 correspond to tracks 0-7. The stand..rd record gap lS S5 mch mmr-

mum, .6 inch nominal, 25 feet maximum, = =
When the control reads a record in 9- track l‘ormat :t assemblcs dnta mto

P-\ 36-bit words. Each word is composed of four data bytes in bits 0—31 and the
corresponding character parity error indicators in bits 3235 (ega lin bit 33

' Lo owemcom nrcono P ---—roamo ot uonnn R

Coaat
L 1

For in'd.ustry:compat ibility the

program must select 800 bpi

© and odd parity. .

The difference in nominal gap
length between 7-track and 9-
track format is due entirely to
a difference in head spacing.

FEBRUARY 1975
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COUUBIT doapseryy

Characters are assembled into
words in this manner by an

IDPB loop or an ASCI| or
ASCIZ pseudoinstruction_.‘ S

The “tracks"” referred to here

are simply a convenience for
identifying the bits in the data

bytes. The actua! correspond.
ence of character bits to phys-’
ical tracks on {ape is as fol-

lows: =

- TRACK 123454789 °

‘This scheme, which minimizes .
 the effects of errors, is recom- .. ..
. mended in the standard rc_fer-- ,

- enced in the text,

~ A lin an error bit does not_
necessarily .mean the. corres-.
ponding byte is in srror: the,

. error could be:jn-

e trae

Al

- and the parity being checked

for in order to regenerate the e

bit actually read from the par-

L ity track of the CRC by the _
~ control, keeping in mind thar

the parity track does not con.

ain an actual parity bit, The
Parity of the CRC will be odd -
©if the number of data charac . .
< tersin the record is even, -

- otherwise the CRC parity js
. even,. o

Errors discovered in 3 record -

- in core dump format at 80g

bpi can be corrected by re. .

~teading the record in 9-track

" construct the original words,
- four from each group of five -
‘4-byte sets supplied by the -
o.eomfrel, - :

Tl‘ WO Of more contiguous mijss-

" EOR g3p. This sers the Bag ]

format, if investigation of the ‘

- CRC indicates the errors are
confined to 3 single track,
"The program must then re-

ing characters would be inter-
‘Preted by the control as an

Tape Nag and terminates the
function, ' :

FEBRUARY 1975
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STANDARD MAGNETIC TAPE TM )0

FIRST Sl-'t'HNll‘ THIND

FOURTH

L L oam

¢ _ TN T 124 hn i

TRACK RY T DISTIIHU ION

Lo 3 BLANK FRAMES
_EORGAP (1 rRangsy \ 4.4
Y

o—

4.

- RECORDGAP - e o FoRWARD TAPE WoTION |

. ONERECORD e
. 9-TRACK RECORD FORMAT -

indi
taken). If errors oceur, the Program can use the cyclic redundancy character

track tape for binary data applications, 1 core
dump format js availablef in which the program can_seleé:t-_-any density, and -
the control uses the S-track record format but writes full 36-bit words as five:
characters each. : The first four bytes are taken from bits 0~31 of a word in _‘
the same manner as in I-track format; the fifth data byte contains Os in tracks

HIRST . o SFCOND

TS

THIRD . YOURTH /l"ll"TH ;

R T

" CORE DUMP BYTE DISTRIBUTION

9 and I and bits 30-35 of the word are contained i tracks 2-7, To reas-
- semble the word during reading, the control ors the overlapping bits, The
" CRC is written in the usu_al'fnshion."but no error bits are supplied with the

data bytes, . ~

ly a word -containing a:zero data byte, since this would fesult in a miss-

cates an error in the character from which the byte in bits 8-15 was

. When writing.in even parity in any recbrdfng"fonnat:, the p}ogr:'lm must not
., supp
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~acter and its LPCC, which is equivalent.
function when it encounters a file mark: in parlu.ular thc control can space- ]
; by files as well as by, numbers of records. . e S
- Each tape has. lwo physical - markers to mdlcate 1ts extremutles These o
‘markers are reﬂcutwe strips that are sensed by photoelectnc cells.in the
“transport {one marker can-be seen ‘on the tape in the illustration at theend - -
of §H4.2). The loadpoint marker is: Iocated about ﬁftecn feet in. from the
_beginning of the reel and denotes the Iogu.al begmmng of the tape. Reverse-- ;
functions slop automatically at this marker. -
three inches (twenty-five feet maximum) precedes the first record on the
tape. The endpoint ‘marker is about twenty-five feet from the physlcal end
of the tape: the final fifteen feet of tape.should:be.left for trailer, fe the -

" ring in this groove;

- INSTRUCTIONS

mark. The file mark is o special record contammg a single, special data char-
‘the control always terminates a

‘i

A load’ pomt ‘gap of at least

program should not’ record more than ten. feet beyond the endpomt (thls is

-enough for a 4000-word record at low density). ‘A status bit indicates when
!he tape is. beyond theh_endpomt..but th:s condmon:stops the tape auto- :

s spacing forward.:

c'a:n'rio't virité the tape unless the supply reel has a plastic (write enable)

While the control is actually processing the data portion of a. rccord the
data transfer rate is fixed. However, in a lengthy tape run, the effective (av-
erage) transfer rate depends on record length, which determines the percent-
age of tape taken up by gaps (at the highest density in 7-track format, each
record gap could hold -100 additional words). . The. effecuve transfer rate is
thcrefore a functlon of record Icngth as well as tape speed and densnty

To facilitate tape processing. the program can gréub sets of dﬁtn records .
- into files. The end of a fle is indicated by a 3- inch gap followed by a file

is':'nolded into the back of every reel, and the control

,}By Ieavmg the ring out, the ‘operator can protect the dnta
_on the tape from accidental destruction (overwntmg or erasure) v

S

‘Tapes recorded on some 1BM
 transports have a substandard . -
loadpoint gap of only .5 inch

and are thus not compatible

vith he TMIO.

._The markers are on the shmy U
- side of the tape; the endpoint -~ =
. marker. is’ against’ the edge .
.. nearet the transport, the load- *. -
~‘point marker mgamst the op- B
: poslle edge LAl
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8. Data block structure‘

8. 1 Labels

8.1.1 Tape headerzlabei"

"Word

Contents

1Vclue

D QO i O U e B -

Label identification = - N
Reel=number (insignificant) ’

Helios A (=90), or Helios B (=91)

Level of tape processing (insignificant)
Experiment~identification - :

Sequence-number .of .calender month counted -

. from launch: (=1 for month of launch)”

Code for computing center (insignificant)t;

\}-Of TaPe'generaticn e”*"ifuu:;

variable

90,91
5. -

9

vartable

20 .

T lte3l
- 1:to 12
19--- :

- L B A
: - EA - 5
s e

i g B - S - A
- i - R - =,-:-,-\-‘—-:.Li‘ . SR, i

o SR gt 1

i
"
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8;1.2 MC~header'label_i 5.”

| ‘Table 8-1-2 MC-HEADER LABEL | _
Thisffééétd:ébhtains ?Oé'Wdrds,only:the first 110 words are

-used, the first 70 words are to be read in INTEGER the rest is
.to_be-read;in REAL (single'precission) R

. Contents = Value

21

23

28

20 .
220
24

0 'datagavailable;.

ﬁhbél@idéntificationfg,v‘;”?N S 2
;=Mcinumbérq(counted_from»launch)-‘-~- S o variable

8tart of MC science data S 044423
Y 1 -(ground receipt time) T T . .59

m"Same;asgabove‘fofendibf:Mé:édiéﬁée-data.

‘failuré¥togrecord{zerd;posit;onf

3no{contr611bitfavailablgﬁ;_uﬁ@._Hmmzfxxi. e
Dark-current ‘control 15 " PMT, short sector 0,1,2
.Dark-current control?15°fPMT.jfmedium-sector- 0,1,2
i Dark-=current control 45° PMT," 'long sector = 0,1,2

- data’available ”wﬁ*zﬁgﬁgj¢~?;-_'.j_i'f'
2-notgenoughadata_availableffdrfaveraging e
. 7:,no-originalﬁexperiment.data;bloCks-available'* :
In'casesg1»and-Zfdark-current_is}taken from preceding MC.

- Dark-current ‘flag 150 PMT, -short sector - - 0,1,2,++-
. Dark-current flag 159 PMT, medium sector 0,1,2,¢¢
_ @.Darkécurrentfflagz 15° PHT,. long sector -~ 0,1,2,¢°+
O 'all data £ upper limit . oo oo -

. >0 - n count ratesg -9 upperlimit SRS

Dark-current control 30° . PMT short sector . 0,1,2
.. Dark-current control 30° PMT medium sector j 0,1,2
Dark-current: control 30° PMT long sector 0,1,2

. not enough data‘aVidiéBle”fbf'aQéfégingﬁ

1
2 no original-experiment_data blocks available
. I
g 26 -

27 _

h.cases 1 and 2 dark~-current is taken from Preceding MC,

o Darkicurrent;flag 30°;PMT;ﬁshort o - 0,1,2,0 0
Dark-current flag 30° PMT, medium o : 0,1,2,¢
Dark~-current flag 309 pur, long 0,1,2,¢ ¢+

0 ‘all data £ upper limit.
>0 n-count rates > upper limit

Dark-current-control-90°.PMT ' R 0,1,2
0 data available. - T
1 . not enough data available'for'averaging'_
2. no‘original experiment data blocks available c
In cases 1 and 2 dark-current‘is taken from'preceding MC.-




Table'a—1-2‘(continuéa)j‘j;gg_:..~-:-'

Wordﬁf-ﬁ‘ Contents

Value

30 - Dark-current flag 900 PMT
©. 0  all data £ upper limit = -
) >0 n _count. rates > upper limit =
 31-58 ° not used:: - AR
.59 . . Flag for Bit 16{(in‘EDR)
<0 Bit 16 did not change -
>0 number of changes of: b:I.t 16 within 1 MC
60 ... 'Bit 16.in the first: EDF, is used for
et o bito 16 for this MC‘ EART :

“not -used -

71~ Temperature PMT 15°

. Temperature PMT 30°

©  Temperature PMT 90° R
- Temperature electronic-box

.. - notiused i '
-_:Dark-currentf 5 ﬁshort sector

- Dark-current PMT.15° medium sector = .=

Dark-current;PMTﬁ15°glong;sector¢g:“f_;'*: o

Dark-current:PMT 300-short sector - .

Dark-current PMT.30  medium. sector

Dark-current PMT 307 long sector

Dark-current‘PMT'90 .

;-'c:ment cycle (sectors 5.6%, 11.39, 22, 59)
T -ESensor 15°

“‘f;calibrationrla p-A, polarisation-foil, corrected

. ‘average; iratio.measured/predicted ..
fcalibration lamp B,: polarisation-foil, corrected
average, ‘ratio measured/predicted.

-~ calibration. lamp A; Quartz, corrected average, m/p
~calibration lamp ‘B; quartz, corrected average, m/p

" the;value is 'set to -1.0. if no dataor only one
count 'rate are.available.' ‘un-.._. . :
calibration lamps, ratio AQ/AP

- calibration lamps, ratio BQ/BP::

‘calibration lamps, ratio AQ/BQ.

calibration lamps, ratio: ‘AP/BP .

the value is set to =1.0 if no. data or only one.
count rate. are available.u__ REURENS

Sensor 30

calibration lamp B, quartz, ratio meas. /predict.
calibration lamps, ratio AQ/BQ- '

the value is-set to =1,0 if no data or only one.
count rate are available.-w i :

*calibration 1amp A, quartz,-ratio meas. /predict.'

1 '2"0”1‘ .

: .0’1'2, n'--c v

1,0

variable

All the following: words'arehto be read in REAL (single precission)

.. variable
‘yariable
variable:

~ variable
. .variable . °
“variable:-

. variable .-

variable -

(n"Q.variable
PR variable.
' means the average of all available data in this measure- -

variable

variable

variable
variable

variable
variable
variable
variable:

variable
variable

~variable




Table 8-1=-2

--. 8.4 -

(continued)_}_‘

Z‘Coﬂﬁehts'hf_'"""'

~ Value

. THETA 3,
.- Day;of: first OA-Block g A IS S
‘.~ Hour . of - firstﬁOA—Blockf, e

- Day,; of 'last OA-Block - . -

"Description of. the. reduced data tape eed”

Sensor 90

calibration lamp A ratio measured/predicted ’
calibration lamp B, ‘ratio measured/predicted
~calibration lamps, ratio A/B. |

the value is'set to -1.0 if no data or only one
‘count rate are available. - - .

o Whole experiment°
'Q,Spin-rate (taken ‘from 18 A-Block of this MC)

x(Helios) (taken: from - 1Bt OA-Block)

o (ML of this MC :
i x(Helios) (taken from last OA-Block of this
b s MY <
@Distance Helios—Sun;(in ‘AU):
... Distance: Helios-Suni(in AU)
el SIGMAGT )

(from 1 OA Block)
(f;om lestMOA Block)

'55Hour of - last Oaéalock
not used \

“variable

variable
variable .

co - variable
-:;‘7;,Spin-rate (taken from. the last OA-Block of this MC)variable

variable'

.evariable“_

~ variable. -

. .variable
e yariablet
- variable .
. variable = -
- yvariable .

... * variable-
.. variable
50.". o

" The words 98-109 are copied from reduced-data tape. .

OA-Block means orbit-attitude-block, which is not con-

tained on the zodiacal-light-data-tape (details see

at NSSDC). S

, available
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8.2 Records

8.2.1 Polarization Table Record

The record with Identification I(1) = 15 represents a list
of availlable records of type I(1)
to the user a summary about the avai

13 for each MC, giving
lable polarization~data

For'thelfewftapes coniaiﬁiné'mdfe than 141 measurement
cycles this block nevertheless ends with word 706.;

as-in-6 (for”MC K+140)

of the measurement period stored on this tape.
Word Contents Value
1 Block identification R 15
2 MC-number K (counted from launch - variable
3 Block with identification I(1) = 13 0,1
for PMT 159, in UV is available (=1), :
- .+ ror'missing (=0) -
4 Block with identification (1) = 13 0,1
for PMT 159, in Blue is available (=1),
o o i or missing (=0) C .
5  Block with identification I(1) = 13 ' - 0,1
for PMT 15°,.in VIS is-available (=1),
_ coCoe e e ox missing. (=0) .
) ‘Block with identification I‘'1) = 13 . c,1
| ~for PMT 30°, in VIS is available (=1) |
L oo oo eioosoor missing (=0) R ‘
7 MC-number K+1 = -7 e o E variable
8~11 Same as in 3-6 (for MC K+1) 0,1
702 MC number K+140 : variable
703 Same as in 3 (for MC XK+140) 0,1
- 704 - Same as in 4 (for MC K+140) 0,1
- 705 Same as in 5 (for MC K+140) 0,1
706 Same 0,1

. . - . - N - e e
: o L S CE = Favet - At . e _
s y o il et LAk - s bt - - < - _ = _
- - o -,_-4,“ i - s - :"‘h-“““- - - _ " - -

4
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8.2.2 Science data block photometer 15° or 30°

This record contains 706-w6r&s,'6nIY'704 words ate used.
The first 22 words are to be read in INTEGER, the rest is

to be read in REAL (single precision). Watch word No. 4.

If it is 3, this is the science data block of photometer
90°'(8.2.3)..Missing-data are indicated by intensities of

TN S W -

15
16

17-18

19
20
21
22

23
24

Block identification ..

Lol e e 1
" MC-number (counted from-launch) -~ - . .+ variable.
- Helios A (=90), or Helios B (=91) R 90,9
- PMT '1509.(=1),.0r PMT 30° (=2) . . = . 1,2
~Colour: UV'(=1), or Blue:(=2), or VIS (=3) 1:2,3
~dark=current, short sector (counts) - o variable
', dark-current, medium sector. (counts) o . variable
. dark-current,.long sector (counts) . = . - variable
means;theaverage of, all,available data in this . .. .

e ST

easurement, cycle (sectors 5.69, 11.39, 22,59

"bpiédffrdmﬁreduéedgtapem S e T
ground receipt:time day(day of year) - S e
round receiptitime hour: .. .o i a0

1 to. 366
: e : S e 0. to 23 .
round receipt. time minutes -

Lt T 0 ko B9
- ground receipt time:'milliseconds. =~ U0 to 59999
" ground receipt time year: . - . . 49 .

. . polaroid orientation =~ . . .. ' 1,2,3,4
polarizing £ilm 0° (=1), oxr - B S
polarizing. film 90° (=2}, or
,polarizingffilm-45°y(=3)1;orf '
quartz-disk (=4). &= -~ .ol S

. TLM-Foxrmat. -~ - - . . ° = _ . variable

-~ 24 bit word to flag data: transfer of = - variable
-telemetry words 1-24 .. ... SRS : IR
0 = correct transmission’. - . .
1 = telemetry word suspect or missing S
first 4 1/2 telemetry words cover the ID-bits. .
 Then each.1.1/2 telemetry words correspond to
one count rate :: ..o 00 o : _
24 bit words to flag data transfer of telemetry variable -
words 25-48 and 49-72, see also description of -
word 16. .« ... g . : :
Bit 1 of ID-word . . 1
Bit 2 of ID-word:@ - S o 0,1
Bit 3 of ID-word | S - 0,1
-Bits_4e8:offIwaord _ ' i % o -

thé,foiiéwihg wb£ds:are’to'bé tead-ih‘REAL'(sihgle preéiSionf';i
Témperature: o | E . . variable
Real polaroid orientation in degrees’ o variable
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673-704

- not used in blocks with colour glass only data

Word Contents Value
25 Distance Helios~-sun (AU) variable
- 26 A Sun (seen from Helios, equinox 1975) variable
27 A Helios (seen from sun, equinox 1975) variable
28 Spin-rate (rps) variable
29 SIGMA - variable
30 THETA variable
31=-32 not used 0.0
33~64 - Elongation of sector 1-32 variable
65-96 Inclination of sector 1-32 = variable
97-128 Ecliptic latitude of sector 1-32 variable
129=-160 Ecliptic longitude of sector 1-32 variable
161-192 Declination of sector 1-32 variable
193-224  Rectascension of sector 1-32 - variable
~ 225-256 Galactic latitude (bI} of sector 1-32 variable
257~288 Galactic longitude (1ll) of sector 1-32 variable
289-320  Galactic latitude (bI ) of sector 1-32 variable
321-352 Galactic longitude(l ) of sector 1-32 variable
- 353-384 - Raw data of sector 1-32. (counts) | ~variable
"7 385~416 - Reduced data of sector 1-32 : variable
- 417=-448 Background.starlight of sector 1-32 _ variable
449-480 Remarks to background of sector 1-32 blank,%
- 481-512 Brightness of individual stars of sector 1-32 variable
- 513-544 ~ Remarks to brightsars- of sector 1-32 blank,%
545-576 Remarks to stars near sector margin of sector 1-32 blank,+
577-608 " Light scattered by interplanetary plasma variable
' of ‘sector 1-32 (REFILT) :
~ 609-640 Zodiacal light intensity of sector 1-32 variable
641-672 - Normalized intensity of zodiacal light of ‘variable
gsector 1-32 - :
673-704 Direction of" polarization of light scattered by variable
: interplanetary plasma of sector 1 32 (REPHI)
705-706 not used o _
.641-672- - : not used in blocks with polarizing film data
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8.2.3 Science data block photometer 90°

Word Contents Value
1 Block identification | 1
2 MC-number (counted from launch) variable
3 _Helios B (=91) 91
4 PMT 90° (=3) 3
5 Colour: UV (=1), or Blue (=2), or VIS (=3) 1,2,3
6 not used 0
7 Dark-current (counts) variable
8 not used _ 0
9 - Ground- receipt time day (day of year) 1 to 366
10 Ground receipt time hour _ O to 23
11 Ground receipt time minutes - 0 to 59
12 . Ground receipt time milliseconds 0 to 59999
13 - Ground receipt time year 19...
14 . The same as word 5 1,2,3
15 ... TLM-format . . ' ~variable
16 - -+ 24bit word to flag data transfer of ~ variable
E 0 telemetry words 1-24
O=correct: transmission -
1=telemetry word suspect or missing
- first 4 1/2 telemetry words cover the ID-bits.
E . Then each 1:1/2 telemetry words correspond to
S . One count rate =
17 - 24 bit words to flag data transrer of telemetry wvariable’
: " words -25~-48" and 49 72, see also description of
word 16 = .- .
19 Bit 1 of ID-word 1
20 Bit 2 of ID-word 0
21 Bit 3 of ID-word 0
22 . Bits 4- 8 of ID-word 29,30, 31
the following words are to be read in REAL (singe precision)
23 Temperature variable
24 Calibration lamps, ratio A/B variable
25 - Distance Helios=sun = variable
26 - A sun (seen from Helios, equinOx 1975) variable
27 A Helios (seen from sun, equinox 1975) variable
28 Spin-rate (rps) . variable
29 SIGMA variable
3C THETA variable
31 Calibration lamp, A, varialbile
ratio, predicted value/measured value :
32 - Calibration lamp, B, _ variable
' ratio predicted value/measured value _ .
33 Average over words 63 this MC variable
34 - "Normalized" polarized intensity of zodiacal variable
: light after correction. film transmission L o
35 Ecliptic latitude variable




Word

after -

Contents Value
36 Ecliptic longitude variable
37 Declination variable
38 Rectascension variable
39 Galactic latitude (b } variable
40 Galactic longitude (l ) variable
41 Galactic latitude (blI) variable
42 Galactic longitude (lII) variable
43 "Normalized" polarized intensity of zodiacal variable
light . :
44 Reduced data (sky brightness) variable
45 Background starlight variable
46=-49 not used - - ' 0,0
50 Light scattered by plasma . variable
51 Zodiacal light intensity I variable
52 "Normalized® intensity of zodiacal light I¢norm) variable
53 "Between" ‘intensity of zodiacal light I(between) variable
54 direction of polarization, nominal value 90. 0° variable
: counterclockwise ' . on.sky . D S o
35 - degree of- polarization of zodiacal 1ight ; N variable
56 Average over words 52 this MC: variable
57 " Average over words 53 this MC- variable
58 -~ Polarized intensity of -zodiacal 1ight . - variable
59 Sky brightness after correction film transmission variable
60 Zodiacal light intensity I after correction variable
‘ film transmission '
61 Polarized intensity of zodiacal 1ight after ... variable
62 Degree of polarization of zodiacal light after... variable
63 "Normalized" intensity of zodiacal light (Ic)norm variable
after ... '
64 "Between" intensity of zodiacal light (Ic)between

variable

Averages always are in the last of the 1 to 3 blocks (10029,10030, 10031)
of one measurement cycle. Other blocks contain 0 O in this position.

Missing data are indicated by intensities of =1.0.
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8.2.4 Polarization data block

Nominally each measurement-cycle contains 4 records with
identification I(1) = 13 representing polarization~data

for PMT 159 in three colours (UV, Blue, VIS) and for
PMT 30° in vis.

When some science~block with measurements for some polaroid
orientation is missing the record with identification I(1)=
13 for the corresponding colour will be missing also. All
data in the records (I{1)=13) are evaluated, not measured.

Word Contents Value
1 Block identification 13
2-352% The same as in record with Identification variable
1(1)=11, photometer 15° or 30°, polarizing
. - film at 90° (word 14 equal 2) _ R
353~384 Polarized intensity of zodiacal light in- : variable
cluding light scattered by plasma for sector
1=32 : .
385-416 Degree of polarization of zodiacal light in- variable
: cluding light scattered by plasma for sector :
1-32 : . ' '
417-448 Angle of polarization of zodiacal light with variable
_ light scattered bg plasma for sector 1-32
A nominal value 0.0 r- counterclockwise on sky ‘
449-480 Polarized intensity of zodiacal light, light variable
Scattered by plasma subtracted for sector 1-32
481=512 Degree of polarization of zodiacal light, light variable
Scattered by plasma subtracted for sector 1-32 _
513-544 Angle of polarization of zodiacal light, light  variable
Scatteredfsubtracted\by plasma)for sector 1-32 '
nominal value 0.0°, counterclockwise: on sky
545-576 not used : : _ 0,0 .
577-608 = not used - : . . 0,0
609-640 - Polarized intensity of zodiacal light including  wvariable
light Scattered by plasma, normalized to.1 A.U. -
for sector 1-32 R ‘ -
641-672 Polarized intensity of zodiacal light, light variable
: Scattered by plasma subtracted, normalized to
1 A.,U. for sector 1-32 E :
673-704 The same as in record with Identification I(1)= variable
11, photometer 15° or 30° polarizing film at
90° (word 14 equal 2) (REPHI) .
705 not used : c,0
706 not used 0,0

* By mistake galactic ldngitude lII is given for the record

with polarizing film at 45°, For most practical purposes
this is negligible,

— 1




9, Remarks

As mentioned in Chaﬁter 1 a zodiacal—light-data-tape nor-
mally contains the data of one month. _

But often it happens, that the zodiacal-light-data-tape
contains the last days of the preceding month or the first
days of the following month or both of them.

Some times it occurs that the tape covers the period of two
total months., This happened when within one month only a
few measurement cycles were received. | o

In the extended mission of the spacecraft the zodiacal light
experiment had to be switchefoff during aphelion passages due
to a decline in the available spacecraft power. Therefore
there are months for which no data are available.

Other larger datd'gaps deiEé due-t6 blackout periods (Helios

behind the sun, no telemetry transmission possible)...

Spikes in the data do occur from time to time. Usually they
can be traced back to transmission errors.. . . - . -
Occasionaly the data read out from the core memory (DM 7) con-
tain errors. If the timing is wrong they appear in the wrong
place, get the wrong background corrections and may appear

twice on the tape. If the identification (e.g. 101 8) is wrong

their true place is difficult to recover. These errors break
the regular intervals between the measurements and, ‘as a rule,
are considered by the programme as start of a new cycle of
measurements, while in reality the old one not yet has been
finished. The may be detected by watching for this type of
irregularity. Examples.are given below. B o

. 3
. e N - - ! =
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Khown Peculiarities in Helibs B zodiacal-light-data tapes

1.) In October 1979 sensor 30° slowly lost sensitivity until
complete failure. For simplicity the data were kept on
tape. The data~tapes for the months Noyember 1979 and
December 1379 don'+ contain data of 30° photometer.

2.) Attitudé'maneuﬁeré were performed-on days 15 to 21/1976,
-51/1976,-58/1976-and 341 to 342/1977, Orbit-attitude in-

formation on spin axis orientation (SIGMA,THETA) may be
unreliable .for those dates, .

3.) Disorder of 90°'S¢iehéé bloéks'on-original data tapes
occured, e.qg., on days 93 to 94/1977 leading to meaning-

~ less results, Recovery of the data is only possible from
'the_reduced(‘tape, , S

4.) MzY 579 (during bléckout;'July 1976) covers a period of
. 10 days. Values of A, R, interpolated in the science
blOcks{fthgggfqre,“may be slightly off._

Inerbruaryp1976;'MC 154, block 101: 13,. sector 15

and in March.1976,MC 222, ‘block 110 .7, sector 16

o R I block 110 9, sector 16

(o bl, 1T K1 1T are wrong. Use word of neighbouring
‘blocks, T T TEERI T8€ B S e P
In March 1976, MC 166, blOCkS"1017,”1018, 1019, 101 10,
191 11, sector 16: ' - .

1%, bII, 1II are wrong. Use word of neighbouring blocks.

IIIIﬁﬁllll%%llkg¥ﬁllllﬁﬁIlllﬁﬁllllﬂﬂIIIIQ*ll."”'l..n"--' -

6.) In November 1976, MC 861 only reduced data (sky bright~
nesses) are right. ' : : :

7.} Examples for érronéous data f:om core memory (DM 7)

Py ey
i =

ot - MC 3378-3392  he timing of DM 7 -science blocks with
- _ ID 110 5 to 100 31 is wrong, leading to
l : ‘ ' a erroneously large number of MC's, the

. _ e ' last blocks being the wrong ones in this
’ S - case, L

25




Known peculiarities in Helios B zodiacal-light-data tapes

1.) In October 1979 sensor 30? slowly lost sensitivity until
complete failure. For simplicity the data were kept on
 tape. The data-tapes for the months November 1979 and
December 1979 don't contain data of 30° photometex.

2.) Attitude maneuvers were performed on days 15 to 21/1976, |
5171976, 58/1976 and 341 to 342/1977. Orbit-attitude in-

formation on spin axis orientation (SIGMA,THETA) may be ;

unreliable for those dates. =~ . . ., |

3,) Disorder of 90° science blocks on original data tapes |
- occured, e.g., on days 93 to 94/1977 leading to meaning-

less results. Recovery of the data is only possible from |

the reduced- tape. L . : ?

u4.)_MZY*579-(during‘blackout,.July 1976) covers a period of .

"4 10 days. Values of A, R, interpolated in the science . |
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blocks, therefore, may be slightly off.

and in March 1976,MC 222, block 110 7, sector 16- .
o PR RrIE O block 110 .9, sector 16
~ e,bI,1I,bIL,11I are wrong. Use word of neighbouring

In Pebruary 1976, MC 154, block 101 13, sector 15

-=? blocks. . .- I R T o : |
" In March 1976, MC 166, blocks 1017, 1018, 1019, 101 10, ’

' 1? ‘11, sector 16 . - o ' - :
1%, bll, 111 are wrong. Use word of neighbouring blocks.
6.) In November 1976, MC 861 only reduced data (sky bright- |
nesses) are right. IR S o - ' '

7.) Examples for erroneous data'from core memory (DM 7) ;
MC 3378-3392  The timing of DM 7 -science blocks with |

: o ID 110 5 to 100 31 is wrong, leading to |

~ a erroneously large number of MC's, the j

last blocks being the wrong ones in this -

case. - o : o §
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Known peculiarities in Helios A zodiacal-light-data-tapes

1.) Orbit-attitude information on spin axis orientation
(SIGMA,THETA) is unreliable during attitude maneuvers
on days 63/1975, 80/1975,102/1975 and 77/1976. From
launch through day 41/1975 it was corrected, based on

_observations of star crossings.

k : 2.) Failure of stepping motors.
| ' No-, problem until November 1, 1976.
: On November 1, 1976, 16h49 the motor of photomoter 90°
g (M3) got stuck in colour V. -
| : ' On November 19, 1976, 16h15, in MC 2185, the motor with
| B colour filters in photometer 15© (M4) got stuck in colour
* B.

- On June 17, 1978, 20h25, the motor with polarizing films

in photometer 150 (M1) got stuck in position 0°.

~ In December 15, 1978,13h28, the motor of photometer 309

L 90t stuck in colour B.._p .

:3;yixn June 1975, MC 587 (photometer 15° and 30°) and MC 588
i (photometer 30 ) erroneously no dark current was subtrac-
‘C'ted. ! S o _ ,

_f4.j_1n March 1976, MC 1432, block 1016 (UV) is wrong.

5.)'In April 1979 sensor 30° slowly lost sensitlvity until
complete failure. For simpllcity the data were kept on
tape for this month.

. 6.) In November 1976 MC 2185 the blocks from 101 8 (GMT-
' 16h 15m 34s) to 101 11 (GMT': 16h 41m 50s) have wrong
calibration. :

7.) In October 1977 the MC~header file (see .section 5) con-
tains erroneously 139 MC-header _records, but the last
28 MC-header-records (No. 3503-3530) belong to November
1977; in the corresponding tape they. are .contained too.
~ (No. 3531-3558). :

' The MC-header-records No. 3503 -3530 (October 1977) are
not correct, . use No, 3531-3558 (November 1977) . Owing
to this mistake the last MC-File"in October 1977 ends
with MC-number 3502, the first MC-File in November 1977
-beginns with number 3531. :
®({see Section 5) :

- 8.) Examples for erroneous data from core memory (DM 7)

MC 3107 DM 7 data have wrong time or identification

MC 3193 Block with ID 110 7 appears tw1ce with dif-
' . ferent times

‘MC 3194 - Block 101 3i bears wrong identification

MC 3339, 3350 DM 7 blocks with wrong identification occur

MC 3603 DM 7 blocks have incorrect time

MC 3614 . DM 7 block 100 31 bears wrong identification
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10. Programm for reading the tape

This programm to read a zodiacal-light—data-tape was used
on a DEC-10 computer (36~bit word structure).
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11. Example of a

et -

priﬁt-out""b'f the tape

This is an examp

le for the print-out of some files of the

zodiacal-light-data—tape.;
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Explanations: i l

MZY = measurement cycle (MC)”
SEKT = sector -

in following see section 8. 2 2, block identification I(1)=11:
™ See word 23 . '
DSK . S
DSM see words 6-8
DSL -
SPINR see word 28
- HINTER  see words 417-448
: REFILT see words 577-608
"REPHI - .see words 673-704
”ZLSYM see'words 641 672.

in following see section 8 2. 3, block identification I(1)= 11-
TM90 . '-,.see word 23 _ - :

L gee’

word 7.

word‘45q

g .word .52
' _word 43

ksee section 8. 2 4 block ldentification I(1) 13-
words - 353~384 , ;o

words 385~416
words 417~448
words 449-480
"Wwords 481-512
PHIOCEL see words 513-544
PIMELR see words 609-640
PIOELR see words 641=-672
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12, List of abbreviations and symbols

MC:

ID:

PMT:

SIGMA:

THETA:

Measurement-cycle through all sensors and all
filter combinations, duration normally & 5h

Tdentification word, the first 36 bits of science

data block, often only the first 8 bits are meant,

which identify the type of measurement

Sensor, photometer

'golar aspect angle, angle between spin axis and
Helios-sun line
RN

Pitch angle, measured as rotation about Helios- .
sun line, O° if spin axis points in flight
direction, 90° if spin axis points north in
solar meridian

TLM-Format: Five different formatse (distribution of frame

SC-frdme:'

DM:

EDF:
OA-Block:

l(Helios)

EDR:

TM™M:

CL:

“under experiments) are available, see detailed
experiment description

Sbacecraft tfansmits data in frames of 8 x 144
bits ' - '

Refers to handling of data in spacecraft, DM 7 =
data stored in the core memory

Experiment data frame = sclence data block
Block containing Orbit and Attitude information
in OA-Block: Heliocentric ecliptic longitude of

Helios counted from vernal equinox (1950.0)
A(Helios) in SC-Block:calculated for equinox (197

Experiment data record = Original data tape
Temperature

‘Dark current

Calibration lamp
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List of available and missing-zodiacal-light—data—tapes

"Helios B"
June 1977 is contained in the tape of May 1977
February 1978 ig contained in the ta

pe of January 1978
Januvary 1979 ig contained in the tape of December 1978

because the ex-
February, March of 1979 are missing c

July, Aﬁgust, September of 1979

quly, August, September of 1978 are miSsing
are missing

No data were receiﬁed for Helios B later than December 1979,

g

periment was off.
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List of number of files per ﬂﬁodiacal-lightfdata-tape and the
association of the reel-number to the month from launch.

(Relios B) '
Table 13.1
. Reel=number - Files ‘Month = Year

. ZHEBO1 75 ‘' January 1976
ZHEBO2 139 February : 1976
ZHEBO3 ' 146 - - ‘March . - --1976
ZHEBO4 144 - April . 1976
ZHEBOS = 66 * - May \ 1976
ZHEBO6 . 34 June ' 1976
ZHEBO7 - 123 o duly 1976
ZHEBO8 - 47 . August 1976
ZHEBO9. .~ - 29 September . 1976

~ZHEB10. - - - 95 . . October = = 1976 o
ZHEB11 -~ 133 7 November - - 1976 .
ZHEB12. .. . 106 . . December 1976
ZHEB13 - - 119 = January = 1977
2HEB14 - 130 February 1977
ZHEB15 142 March ' 1977
ZHEB16 = 130 - April ' 1977
ZHEB17 ' 91 ~ May, June 1977
ZHEB18 50  July 1977
ZHEB19 70 * . August 1977
ZHEB20 83 September 1977
ZHEB21 93 October 1977
ZHEB22 135 " November 1977
ZHEB23 ' 139 - December 1977
ZHEB24 138 January, February 1978
ZHEB25 136 March : - 1978
ZHEB26 132 April 1978
ZHEB27 144 . May . 1978
ZHEB28 45 June 1978
ZHEB29 38 : October 1978
ZHEB30 105 ‘November - - 1978 '
ZHEB31 159 December, January 1978, 1979
ZHEB32 95 . April 1979
ZHEB33 128 May- o 1979
ZHEB34 98 June ' 1979
ZHEB35 76 October 1979
ZHEB36 : 121 November 1979

ZHEB37 91 December 1979
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List of missing zodiacal-light-data-

= to be supplied -

tapes of Helios A

| CEEER-EERCC S D VI SN BN BEE G
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List of number of files per zodiacal-light-glata-tape and the :
tion of the reel=-number to the month from launch (Helios A)

Table 13.2

Reel-number Files Month . Year
ZHERO1 91" . December 1974
ZHEAO2 143 - January 1975
ZHEAO3 _ 127 February _ 1975
ZHERO4 = 149 March 1975
- ZHEAQS - .85 . April 1975
ZHEAOE 11 . May - 1975
ZHEAQ7 65 June 1975
ZHEAO8 ..109 . July - ' 1975
S 101 - August 1975
113 .~ September : 1975
107 - October 1975
103 - " November. B 1975
103 - - December - 1975
-1 January ' 1976

91 . February DR 1976
123 .- - March 1976
123 CApril ' 1976
i15 ‘May: = 1976
70 June 1976
18 July 1976
55 August 1976
F 54 | September 1976
Z4EA23 127 October - ' 1976
ZHEA24 - 138 November 1976
ZHEA25 136 December 1976
. ZHEA26 . 120 January 1977
"ZHEA27 114 - February S 1977
‘ZHEA28 139 March 1977
HEA29 124 April 1977
ZHEA30 ' 139 May 1977
- ZHEA31 - 136 June o 1977
- ZHEA32 53 . July ‘ 1977
ZHEA33 94 August 1977
- ZHEA34 119 September 1977

ZHEA35 113 October 1977
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14, Plots of zodiacal light intensity, colour and polariza-
tion . '
Examples for the different kind of plots are presented,

including the summary over all available orbits of the
intensity measurements in one particular sector,
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15. List of events . ‘ .
(Helios A and Helios B, in german)
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Stand: 13.. 601981

Helios A Ereignistabelle

Tag - Zeit Ereignis

10.12.74 344 ~8h11:00 Start = 0. Aphel
C11.12.74 - 345 ' 22h10:47 E9 ein, erster EDF
13.12.74 347  oshio ~ Step II abgeschlossen

14.12.74 348 22h09:00 E9 aus, E7 Integrity Check
PRI 23h19:17 E9 ein, erster EDF
1 16.12.74 349 0314 Lagekorrektur & = - o,2°
10. 2.75 041 0737 1. Lagemandver Beginn
Bgties e 15h27 1. Lagemandver Ende
| d63 [“ 7hd3 | L2, Lagemanaﬁer Beginn
LA | .-"_ 'Spih-Up um 0.12 rpm
L T 16h29: o 2. Lagemandver Ende
15,375 o074  9R12:15 g, perinel
21.3.75 080  7ho8:00 ‘3. Lagemandver Beginn
A ~10h30 3. Lagemandver Ende
24. 3.75 = 083 18h- Alle Experimente aus
_. D - (1. Regulator schalten)
'25.3.75 084 - qpot E9 ein, erster EDF
- 11h36 " E9 aus |
17h26 ES ein, erster EDF
12. 4.75 - 102 -~ 7h30 = 4. LagemanSver Anfang
'1' S 11h47:00 4. Lagemandver Ende
27.:4.750 117 18h00 1. Blackout Beginn
“15™5.75 435 18h 1. Blackout Ende
17. 6.75 168 1. Aphel
29, 8,75 241 '~ 22h00 2. Blackout Beginn
1..9.75 244 6h 2. Blackout Ende

11. 9.75 254 | | Spin-Up um 0.12 rpm

18. 9.75 261 - Spin-Up um 0.12 rpm

21. 9.75 264 12h16 | 2. Perihel

25.11.75 329 Erdnichster Punkt




~ Tag P ; ZEit f?;fg'. _ Ereignis

25.12.75 359 14noo (?]-]-2._Aphe1» o
17.3.76 077 13n-14n 5. Lagemantver (Keppler)
29.3.76 089  15h52 . _ - 3, Perihel | |
6.4;76'._  097 '  - : ~ Spin-Down/Spin~Up (Musmann)
;22*%?56! 174 | 04h10:46  Ausschalten durch Uberlast
) _ : _ o o (2. Regulator schalten)
. 6.76 181 7 Eg an £ir 10h
7.76 . 184~ 18h . -3, Aphel
776 190 . pg an gur 28h
' 7 761 : 195 e “-;:'_i_.;;f. . E9 an’ ftir 21h o
.7 755;[3ﬂiézﬁ}if,”ffﬂf*fﬁf © E9 an fdr 23n
27.7.76 2090 0 E9 an fur 23n
-&5 3..8.76 - 216 PR 3;¢-':_ E9 an fﬁr 44h
1678 229 2m100 . Esan .
v“f106h40 éiﬁfVifﬁé'Blackout Beginn -
Fedb o 267 _‘j121h05 ';f"' 3;;Blackout Ende - . -
1076 306 1en4s M3 bleibt stehen in C3 bei ca-*n
5.10.76 279 19n07 :?f}"” 4. Perihel’ | .
19.11.76 324 16h15 'Mdlschaltet nicht von €2
| - | ;”" , *nach c3, ‘bleibt stehen
8.12.76 343 : o S Versuch, Motoren wieder zu
_ . - starten’ - "
8. 1.77 008 20h51 4. Aphel .
3. 4.77 93 17h16:19 Alle Experimente aus (3.
| | R | Regulator schalten)
3. 4.77 93 23ns5 . E9 wieder an
13. 4.77 103 22h31 '_5 Perihel _
1eaim 192 23h45 Alle Experimente aus (4.
/ | B | | Regulator schalten)
“ 18..7.77 199 Oh25 5. Aphel - E9 aus
T12.8.97 0 223 tom21107 E9 wieder eingeschaltet
10.10.77 283 1eh48 4. Blackout Beginn
12.10.77 285  23h27 4. Blackout Ende
21.10.77 294 2h20:30 6. Perihel
42‘*1“78 002 2n47:09 5. Regulator schalten, E9 aus

X,
o -




_._15.4-._ o

. Tag | | Zeit | Ereignig
1.78 o008 2h44 . 6. Regulator schalten
78 00y _21h35 50 7. Regulator schalten
1.78 .010 18h37.21 : . 8. Regulator schalten
. 1.78 024 4h16 = ¢, Aphel |
U278 051 q14nos ~ E9 wieder eingeschaltet
$78. 119 en13.30 7. Perihel
' 168 20n25 . -'Mllg%eibt stehen in Stellung
183 ._21h40:00 o EQ_ausgeschaltet (Aphel)
193  8h35:00 _He&ter.group_1 ausgeschaltet
o : - (E2-E4)
198 __ ‘Heater group 2 aus (E9, E10)
1204 TH18[ o ' 9..Régulator5chalten
214 gp1y 7. Aphel
229 9pop Heater group 1 an (2, E3, E4
?f245  g ff S  Heater group 2 an (E9, E10)
250;_'4;: 21hd5 ”;"- .. B9 wieder eingeschaltet
250 22h50:25 10, Regulatorschalten (E9 aus
To 10 78“' 5233',' B 7h30:00'- _i"E9 wieder. eingeschaltet
27,1078 300 9h00 - 5. Blackout Anfang
1.11.78 305 20m30 | 5. Blackout Ende
5.11.78 309 0h11 8. Perihel
11.11.78 315 16h48:25 ~ 11. Regulatorschalten (£ aus)
12.11.78 316 4h30 T E9 wieder eingeschaltet
-24,11,78 .;329;“H”w“m11h3o_mm__”ﬁ_' AHeater group 3 aus. (Zentraltei
15.12,78 349 3h28 . M2 bleibt stehen in c3
3. 1.79 003 . 7h40 Heater group 1 aus (E2, E3, E.
8,179 o0g 8h10 g ausgeschaltet (Aphel)
6. 1.79 016 = 7ho2 ' Heater group 2 aus (E9, E10)
8., 2.79 039 q2p00 8. Aphel
9. 4.79 o099 9h05 Alle Heizer ein
10, 4,79 100 ~ 9h40 B9 ein
ab 10, 4,79 100-125 Signal von Sensor 30 sinkt
' . _ - -auf "Null* :
14, 5,79 134 12hd] 9. Perthel |
2. 6,79 153 12h30 12. Regualtorschalten (E9 aus




PRI B

Tag Zeit o "~ Ereignis S
2. 6,79 153 2th E9 wieder eingeschaltet l
15. 6,79 166 ~ 15h50 -_' 1_7‘Heizergruppe 3 aus (Zentraltei
8., 7.79_ 189 13h45 ~ 13. Regulatorschalten, E9 aus -
: 23h10 ~ EJ wieder ein  %§
1. 7.79 192 7hoo - Heater group 1 aus (E2, 33,34) '
J13;37£79J 194 ‘0hoO | ES aus zum Aphel
fﬁﬁ 18. 7.79 199 ~ 13n40 | Heater group 2 aus (E9,E10)
{17, 8.79 229° . 14h31 . 9, Aphel
b 16.10.79 289 . Heizer ein
“47,10,797 290 6h45  E9 ein
20.11.79 324 16n25 © 10, Perihel
19.12,79 353 © 13h43 Heizergruppe 3 aus
10.  1.80 010 1721 14. Regulator schalten
| : _ ' Heizergruppe 1 aus
J}J.ﬁ1.80; 017 2h09 _ 15. Regulator schalten
;y ¥ - Heizergruppe 2 aus, E9 aus
;40280 035 - 1an17 - 16. Regulator.schalten
9, 2.80 040 . 12h34 17. Regulator schalten
23, 2.80 054 - 19hm31 10. Aphel
'.f30..4;80 121 12n48 _ Heizergruppe 2 an
2, 5.80 123 . ~ E9 an | |
28, 5.80 149 21ns0 | 11. Perihel
]2:$7.80' 194 6h00 . Heizergruppé 2 aus
712, 7.80 194 13h00 B9 aus |
7 3. 880 244 23ns2 11. Aphel
'3 3.11.80 - 308 . Heizérgruppen 1 und 2 an
6.11.80 311 E9 an |

2.12,80 337 9h30 E9 aus -




Wi

— 4506 -

Tag Zeit Ereignis
5.12,80 340 1h55 12, Perihel
12,12,80 347 12h30 E9 an
18, 1.81 018 9h35:43 18. Regulator schalten.,E9 aus
10. 3,81 069 3h33 12. Aphel
13, 6.81 5h05 13. Perihel

Y A e R




—_— 45.7.. —~—

. stand: 13, €.1981

_ ;‘Helids B Ereignistabéliéi;h_ ,_.'“

15. 1,76 .~ 015 ;'f_05h34'oo.]f'._.qStart 0. Aphel

17.1.76  017.°  0oh47: 125 E9 ein, erster EDF .

18. 1,76, 018 .. 21h54:27 _E9 aus, E7 Integrity Check
19-1.76 019 - 00h04:05 E9 ein, erster EDF
21.1.76 021 - omm3z Abschlus Lagemanaver

20. 2.76 -~ 051 - f‘13h30 ’ 1. Lagekorrektur
27.2.76 058 14ni2- 14h37 - 2. Lagekorrektur -

17. 4.76 108 2n29:00 1. Perihel
jg4 5'763 o135   M;\11h4o B 1. Blackout Beginn
CRITEEIE . 140 S 1145 ‘,,_,1 - Blackout Ende

Py !ﬂ~4“%7 76-;;_ 186 - _f{.16h Oofj' - '2 Blackout Beginn
wA6:37.76 198 8nio . 2. Blackout Ende

18._7.76 2000 22m - ¢ 1. Aphel =

4. 9,76 248 *7 T o2 verloren |
,.20.%9.96 ;-26414,..f'03h07 3. Blackout Beginn
29179.76 273 . 23ns9 ~ 3. Blackout Ende

19.10.76 293 i9hos . 2, ‘Perihel

7. .1.77 7. 3m36 | .CMD~Empf&nger 1 verloren

20. 1.77 020 . 16h00° . 2. Aphel

23. 4.77 13 13h03 3. Perihel |

17, 5.77 137 12h38-15h06 ~  StSrung Ubertragung durch
| P AR AT Aktivitit [T N
0:29.:5.77 149 S 4. Blackout Beginn P l
&;29.§6,?7 180 e - . Blackout Ende - | ‘:

25. 7.77° 206 1ohd9 - l

~4.10.77 277 aam20 RIS

,i;-e 10.77 - 281 | . Blackout Ende l

|

. Aphel |
. Blackout'Beginn

. 26.10.77 - 299 8R34:00 . Perihel |
7.12.77 341 7h30 Beginn Lagemanéver
8.12.77 342 18h30 - Ende Lageman$ver
12.12.77 346 16h30 . Gas ablassen bis auf 0.25 kg




e LR

Tag Zelt Ereignis
16, 1.78 016 Th47 Beginn Spin-Down wegen Leck
1607178 016 7h49:41 1. Regﬁlatorschélten - E9 aus
5’16. 1.78 016 9h29:30 Ende Spin-Down |
3 27. 1.78 027 6h48 4, Aphel
§ﬁ13qﬁ2;78 044 - 8h15 E9 wieder eingeschaltet
1. 3.78 060 ' Mit letztem Gas stabilen
_ _ : Punkt eingestellt
3. 4.78 120 5hoB 5. Perihel
Bom678 | 159 . 6. Blackout Beginn
2@1sm7518 182 o 6. Blackout Ende |
o o178 '_:188 . 21h15 _ 2. Regulatorschaltén - E9 aus
5. 7.78 -~ 196 15h35:00 Heater group 2 aus (E9, E10)
{ .17.7.98 198 14h00:00 Heater group 1 aus (E2, E3, E4)é
EEEE 8.78 213 3h36 5. oaphel T
¢ 17.8.78 . .229  2nSO - ‘Heater group 1 an (E2, E3, E4)
\5\28’ 8.78 240 8h Heater group 2 an (E9, E10)
76,1078 279 12h30 E9 ein =
9.10.78 - 282 7. Blackout Beginn
20.10.78 293 23h25 7. Blackout Ende _
22.12.78 356 7h33 Heater group 3 aus (Zentralteil)
2,11.78 306 2h00 6. Perihel - »
2. 1.79 002 9h00 Heater group 1 aus (E2, E3, E4)
7.41.79 007 3h00 E9 aus (Aphel) -
//11. 1.79 011 7h33 Heater group 2 aus {E9, E10)
i 4 . ] : }
f3. 2,79 034 1h00 ° 6. Aphel
N 4. 479 094 8h58 Alle Heizer ein
6. 4.79 096 9h10 E9 ein
6. 5.79 126 22h44 7. Perihel ]
- 15. 6.79 166 R Heizergruppe 3 aus {Zentralteil)
L27.°.6.79 178 .18h12:26 ' 3. Regulatorschalten, E9 aus
528, 6,79 179 8h35 g9 wieder eingeschaltet
30. 6.79 181 © 14h00 Heizergruppe 1 aus (E2,E3,Ed)

AT el sl ik Wi AR
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e ke e N AR o 7 - 5 it e

Tag  Zeit  Ereignis

~ATTT79 182 16h00 E9 ausgeschaltet
3. 7.79 184 = 8hdo 'E9 wieder eingeschaltet
5.:7.79 186 - '9h30 -  E9 ausgeschaltet
. ’E”'7. 7.79 - 188 8h25 o Heizergruppe 2 aus (E9,E10)
/' 7. 8.79 219 .  21h08 ' 7. Aphel
: 28, 9.79 271 12h20:32 4, Regulatorschalten bei
\ L S ~ Heizer ein
\wm“4.1o.79( 217 20h50 E9 eingeschaltet
24,10,79 297  20h45:18 8. Blackout Beginn
27.10.79 300 "_ '1h33:03 8. Blackout Ende
8.11.79 312 19h34 8. Perihel
ST um Tag 300 R Sensor 30° verliert an
SRR T B | Empfindlichkeit,fallt aus
18;15;79'“  352 ?. : 12h30 P .‘ Heizergruppe 3 aus
23.12.78 357  7h22 5. Regulatorschalten,
S T o ' E9 ausgeschaltet
?f .30;12.79 364 4hs0 ' 6. Regulatorschalten

Héizergruppe 2 aus

1. 1;80 001 9h00 Heizergruppe 1 aus
~15. 1.80 . 015 '6h44:28 7. Regulatorschalten
28. 1.80 028 - 6h11 ' 8. Regulatorschalten
9. 2.80 040 18h56 8. Aphel (Start +1487 d)
8. 3.80 068 - 17h45 9. Regulatorschalten
' | S/C~-Emergency
N o .
s '.'.‘..w r.:-,‘!'

fmnt 2 ENDE DER MISSION =¢
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JLYME UF TFEPE %213 n\ rf whbm
INPUT TAFPE X215 ON T EWT G
DATA 1IMPUT Ad MF 140 S 2 101 SF 149 1 1 o ,lgb;um al.®, B N
FILE LHPUT DATA RECOKDS MAK . READ ERROUR SUMMAKY INPUT RETRIES
RECS. TwpPdT STZ¢E FERM ZERC B SHURT UNDEF. HRECS. TOTAL#
D f L #]
1 12 12 640  year ol 0 n znw 0 i o
FILE 2 RECURD 1 LEu6Td 64BRYTES hﬁar &D ., ) sq o
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I o b
FILE Lupyy DATA RECURDS MAX o REAL ERROK SUFMARY INPUT RETRIES o 3
“ECS . DN STZE FERF  ZERO B SHORT UNDEF. H#RECS. TOTALE
. 2 134 134 640 0 9 0 ] 0 ] ™
FILE 140 RECOKD 1 LENGTH 640BYTES —J.d“ ﬂo A & | 9 ) L o
4 ED) G0s50000x 00G00N00G GUN2000ND OO1EBEQD O00GO73C pa0a0cns aMao;ono 01030000 00COOYO0 ©COCD4330C
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FILE INPUT 0ATE RECORDS MAX. KEAD ERKOR SUMMAKY INPUT RETRIES
KECS . IRFGT STZE FPER®M JERO B SHDRT UNDEF. HRECS. "TOTVaun -
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EOJ DUMP STOPPED AFTER FILE 146 ¥ GF PERMANENT READ ERKORS @
START TIME 01/06/02 11:13:36 STOP TIME 01/06/%2 11:17:54
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